
THE AMERICAN JOURNAL 
OF PATHOLOGY 




THE AMERICAN JOURNAL 
OF PATHOLOGY 


Official 'Publication of 

'^he American Association of Pathologists and Bacteriologists 


BOARD OF EDITORS 

FRANK B. MALLORY, Edixor-in-Chief 
JAMES W. JOBLING FREDERIC PARKER, Jr. 

HOWARD T. KARSNER H. GIDEON WELLS 

PAUL A. LEWIS GEORGE H. WHIPPLE 

HANS ZINSSER 


VOLUME V 

1929 








BOSTON 

MASSACHUSETTS 

U.S.A. 



COPYRIGHT, 1919 
BY THE AMERICAN ASSOCIATION 
OF PATHOLOGISTS AND BACTERIOLOGISTS 



' I 


PRINTED AT THE HARVARD UNIVERSITY PRESS 
CAMBRIDGE, MASS., D. S.A. 



CONTENTS OF VOLUME V 


JANUARY, 1929. NUMBER i 

The Intectivity oe Isolated Incldsion Bodies of Fowl-Pox. 

C. Eugene Woodruff and Ernest W. Goodpasture. Plates 1-4 .... i 

A Case of Extensive Bilateral Progressive Thrombosis of the 
Smaller Branches of the Pulmonary Arteries. Channing 
Frothingham. Plates 5-8 ii 

A Case of Mammary Gland Tissue in the Axilla. Joseph McFarland. 

Plate 9 23 

Malignant Thymoma ivth Metastases. Frank Richard Eerriman and 

Walter E. Rahte. Plates 10-13 29 

The Intimal Lesion of the Aorta in Rheumatic Infections. David 

Perla and Max Deutch. Plates 14-16 45 

Tissue Changes Associated with Vitamin “A” Deficiency in the 

Rat. M. Dawson Tyson and Arthur E. Smith. Plates 17, 18. ... 57 

Studies on Compensatory Hypertrophy of the Thyroid Gland. 

VIII. A Comparison between the Effect of Administration of 
Thyroxin, Thyroid and Anterior Pituitary Substance on the 
Compensatory Hypertrophy of the Thyroid Gland in the 
Guinea Pig. Leo Loeb 71 

Studies on Compensatory Hypertrophy of the Thyroid Gland. IX. 

The Influence of Variations in Size of the Remaining Part of 
the Gland, in Mode of Administration and in Quantity of Po- 
tassium Iodide on the Hypertrophy of the Thyroid in the 
Guinea Pig. Leo Loeb. Plate 19 79 

The Effect of Underfeeding on the Proliferative Activity of the 

Thyroid Gland in the Guinea Pig. Jacob Rabinovitch 87 

The Effect of Intraperitoneal Injection of Potassium Iodide on 
THE Proliferative Activity of the Thyroid Gland in Guinea 
Pigs. Jacob Rabinovitch 91 

MARCH, 1929. NUMBER 2 

Lymphoepithelioma. James Ewing. Plates 20-23 99 

Biopsy Histology in the Grading of Rectal Carcinoma. Fred W. 

Stewart and John W. Spies. Plates 24-28 109 

The Progressive Anemia Follomtng a Single Intramaerow Injec- 
tion OF B- 'Welchh Toxms. John C. Torrey and Morton C. Kahn. 
Plates 29, 30 . . 117 



VI 


CONTENTS 


Hemangioblastoma or the Cerebellum (Lindau’s Disease). Leo M. 

Davidoff. Plate 31 

Studies on Filterable Viruses. III. Further Observations on 
Vaccine Virus. Robert N. Nye and Frederic Parker, Jr 147 

Neuroepithelioma of the Cerebellum. Paul C. Bucy and Wendell S. 

Muncie. Plates 32-34 IS7 

The Effect of Combined Feeding of Potassium Iodide and Anterior 
Lobe of the Pituitary upon the Thyroid Gland. Howard Ander- 
son McCordock. Plates 35-37 171 

Fenestrations OF THE Semilunar Valves. Arthur N.Foxe. ..... 179 

So-Called Infectious Sarcoma of the Dog in an Unusual Anatomic 
Situation. William H. Feldman. Plates 38-40 183 

MAY, 1929. NUMBER 3 

Meningococcus Endocarditis. Report of a Case. E. E. MacMalwi 


and E. A. Burkhardt, Jr. Plate 41 197 

Suggestions for Staining Tumors of Spongioblastic Origin. Nathan 
Chandler Foot. Plates 42-46 215 

Comments on the Impregnation of Neuroglia with Ammoniacal 
Silver Salts. Nathan Chandler Foot. Plates 47-50 223 

Silver Staining of the Skin and of Its Tumors. George F. Laidlaw. 

Plate 51 239 

Meconium Ileus with Congenital Stenosis of the Main Pancreatic 

Duct. Borris A. Kornblith and Sadao Otani. Plates 52-54 .... 249 

The Percentage of the Different Types of Cells in the Male 

Adult Human Hypophysis. A. T. Rasmussen 263 

A Malignant Mediastinal Teratoma. William F. Jacobs. Plates 55, 

S6 275 

Two OF THE Rarer Congenital Anomalies of the Heart. Istvdn 

Gdspdr. Plates 57, 58 285 

Studies on Sex. Interstitial Cells in Gigantism. Wm. G. Downs, Jr. 

Plates 59, 60 295 

Myeloblastic Sarcoma of the Cranium. Edwin F. Eirsch. Plates 61, 

62 303 

Teratoma of the Neck. 0 . Saphir. Plates 63, 64 313 

The Vessel Canals in Normal and Pathological Bone. Eenry L. 

Jafe. Plates 65-67 •. 323 


JULY, 1929. NUMBER 4 

Electric Shock. E. E. MacMahon. Plates 68-70 

A Case of Meningitis Due to Endomyces Capsulatus (New Species). 

Allan G. Rewbridge, Carroll W. Dodge afid Theodore T. Ayers. Plates 

71-73 


349 



CONTENTS 


• • 

vu 

Light as a Factor in the Impregnation of Brain Sections with the 

Ammoniacal Silver Salts. Nathan Chandler Foot 365 

Multiple Focal Splenitis of Guinea Pigs. William H. Feldman. 

Plates 74, 75 371 

The Diagnostic Reliability of Frozen Sections. Wm. Carpenter 

MacCarty. Plates 76-78 377 

The Pathology of Hemangioma of Bone. Paul C. Bucy. Plates 79, 

80 381 

Congenital Malformation of Heart with Anomalous Insertion of 
Pulmonary Veins, Absence of Spleen, Situs Inversus of Ab- 
dominal Viscera and Other Developmental Errors. C. H. Hu. 
Plates 81-84 389 

Involvement of Medium-Sized Arteries Associated with Syphilitic 

Aortitis. Otto Saphir. Plate 85 397 

Accessory Pancreases; Report of a Case with a Discussion of 

Their Pathology AND Origin. Robert A. Moore. Plates 86, 87. . 407 

The Effect of Potassium Iodide, Thyroid Extract and Anterior 
Pituitary Extract upon Regeneration and Early Compensa- 
tory Hypertrophy of the Thyroid Gland. S. H. Gray .... 415 

Auto- and Homoiotransplantation of Cross-Striated Muscle Tissue 
IN THE Rat. Julius Elson 425 

SEPTEMBER, 1929. NUMBER 5 

Intracranial Chordoblastoma. Percival Bailey and Dumitri Bagdasar. 

Plates 88-90 439 

Intravital Staining of Microglia ivith Trypan Blue. Dorothy S. 

Russell. Plates 91, 92 451 

Abnormality of the Cerebrum and Leptomeninges Simulating an 

Intracranial Tumor. R. C. Buckley and E. M. Deery. Plates 93-95 459 

Tissue Culture Studies of the Glioblastoma Multiforme. R. C. 

Buckley. Plates 96-98 467 

The Production of Allergic Inflammation in the Kidneys. Opal E. 

Hepler and J. P. Simonds 473 

The Effect of Combined Potassium Iodide and Thyroid Substance 

UPON THE Thyroid Gland. S. H. Gray and J. Rabinovitch .... 485 

Pathologic Histology of Adrenalectomized Cats. H. E. MacMahon 

and R. L. Zwemer. Plate 99 491 

Congenital Anomalies of the Liver. E. E. MacMahon. Plates loo- 

103 499 

Scientific Proceedings of the Twenty-Ninth Annual Meeting of 
the American Association of Pathologists and Bacteriologists 509 



CONTENTS 


• • • 

VIU 


NOVEMBER, 1929. NUMBER 6 


The Finer Histology of the Normal Glomerxjlhs. Leone McGregor. 

Plate 104 545 

The Cytological Changes Occurring in the Glomerplus of Clini- 
cal Glomerulonephritis. Leone McGregor. Plates 105, 106 . . 559 

Lipoid Nephrosis. E. T. Bell. Plates 107-109 587 

Carbon Tetrachloride Poisoning with Macroscopic Fat in the 
Pulmonary Artery. H. E. MacMahon and Soma Weiss. Plates no, 

III 623 

Experimental Obstructive Cirrhosis. E. E. MacMahon, John S. 

Lawrence and S. J. Maddock. Plates 112, 113 631 

Obstructive Cirrhosis. H. E. MacMahon and F. B. Mallory. Plates 
114, IIS 645 

Study of a Meningioma in Supravital Preparations, Tissue Culture 
AND Paraffin Sections. Richard C. Buckley and Louise Eisenhardt. 

Plates 1 16, 117 659 



THE AMERICAN JOURNAL 
OF PATHOLOGY 


Volume V JANUARY, 1929 


Number i 


THE INFECTIVITY OF ISOLATED INCLUSION BODIES 
OF FOWL-POX* 

C. Eugene Woodruff 

FELLOW IN MEDICINE OF THE NATIONAL RESEARCH COUNCIL 
AND 

Ernest W. Goodpasture 

{From the Department of Pathology, Vanderbilt University School of Medicine, 

Nashville, Tenn.) 

The group of so-called filterable virus diseases is coming to oc- 
cupy an increasingly important place in medical and biological 
literature. Included in this group is fowl-pox or epithelioma contagi- 
osum of birds In common with many of the other virus diseases 
fowl-pox is characterized by the presence of inclusion bodies in the 
affected epithelial cells. Ever since their discovery^ the question 
has been raised with regard to these bodies as to whether they rep- 
resent a mere degeneration product of the ceU,®' ^ or whether, in 
some fashion, they actually carry the infectious agent of the dis- 
ease.®’ ® 

In recent publications from this laboratory ® morphological 
evidence has been presented which seems to justify the opinion that 
the inclusion bodies represent colonies of a minute microorganism 
(bodies of Borrel s) enveloped in a membrane of lipoproteid com- 
position which is semipermeable. The inclusions, when placed in 
distilled water, swell, with the formation of vacuoles in which 
numbers of rounded uniform bodies measuring about 0.25 micron 
in diameter can be seen in rapid Brownian motion. The addition of 
sodium chloride causes the bodies to shrink and to assume again 
their initial hyaline, homogeneous appearance. A crushed inclu- 

* Received for publication October 31, 1928. 
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sion, suitably stained, discloses the minute bodies enclosed in a 
faintly staining homogeneous material which is regarded as a sort of 
brood capsular material for a living agent represented by the minute 
granules. It was in the attempt to shed some added light on the 
question of infectivity of the inclusion bodies that the following 
series of experiments was undertaken. 

The characteristic lesion of spontaneous fowl-pox is a local epi- 
thelial hyperplasia. The virus proliferates locally in these eruptive 
cutaneous lesions and material from them is highly infectious. So 
far as determined an increase in virus is limited to these areas of 
epithelial hyperplasia. Only squamous epithelium of the skin and 
mucous membranes seems to be susceptible to the virus. Experi- 
mental infection is readily induced by applying active virus to any 
superficially injured squamous epithelial surface. If a feather be 
plucked from the breast of a hen and the follicle inoculated with 
material from an eruptive lesion a slight swelling of the follicle may 
be noted after three days. After seven to ten days the foUicle has 
increased to about ten times its original size. This is shown in 
Fig. I in which the follicle “a” had been inoculated ten days pre- 
viously. The other follicles remain normal. By carefully dissecting 
away the skin the swollen epithelial core of the follicle may be shelled 
• out as shown in Fig. 2. This particular core is about i| mm. in 
diameter and about 3 mm. long. If a section be made of it the core 
is found to consist of concentric layers of swollen epithelial cells in 
each one of which may be seen one or more of the inclusion bodies 
(Fig. 3). The swelling of the follicle is due both to an hyperplasia of 
the epithelium and to a swelling of the individual cells in the stra- 
tum mucosum. The cells in this region are enlarged to several times 
the size of those in the stratum germinativum. The eosin-staining 
inclusion body is usually in the center of the cell, with a broad, non- 
staining zone between the inclusion and the cell membrane. The 
bodies may also be distinctly seen within the epithelial cells in a 
fresh preparation of the diseased tissue teased out in saline. 

The question regarding the nature of the inclusion bodies in fowl- 
pox has been approached from a new angle through the discovery 
that, using a i per cent solution of trypsin in 0.2 per cent sodium 
bicarbonate, the cellular material of a fowl-pox lesion may be 
digested away completely leaving the inclusion bodies free. This 
process of freeing the inclusion bodies by digestion is a striking 
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thing to watch. If the core of epithelium just illustrated be cut into 
small pieces and placed on a glass slide along with a few drops of 
trypsin'^e inclusion bodies begin to show more distinctly almost 
immedia^ly and, after five minutes in the solution, many of the 
bodies drop free from the tissue to lie like minute pearls on the sur- 
face of the slide (Fig. 4). After thirty minutes almost all of the in- 
clusion bodies are free as shown in Fig. 5, and the amorphous mass 
of digested epithelium and connective tissue may be shaken about 
with a needle and separated completely from any remaining in- 
clusion bodies. 


The way in which the epithelial cells of a fowl-pox lesion are 
digested away completely, leaving the inclusion bodies unchanged, 
in itself suggests that these bodies represent something more than a 
degeneration product of the cell. As shown in Fig. 6 , taken forty- 
five minutes after the beginning of digestion, the inclusion bodies 
remain intact while all that remains of the epithelium is the amor- 
phous material seen as the groundwork of the picture. 

The material which may protect the inclusion bodies from tryptic 
digestion is a fatty element readily demonstrable by means of special 
fat stains. In addition to the fat there is an albuminous component 
of the body.^" The structures are elastic and may be indented with 
a needle only to regain their shape as soon as the needle is removed. 
In general the bodies are rounded or oval as shown in Fig. 7. Oc- 
casionally one may be bean-shaped or otherwise irregular. The 
irregularity in shape occurs usually in the larger bodies, the smaller 
ones being almost always rounded. In size the bodies vary from 2 
or 3 microns to perhaps 50 microns in diameter. They are of rela- 
tively high density and quickly gravitate to the bottom if suspended 
in a physiological saline solution. They may be readily rolled about 
in saline on a glass slide though an occasional body may adhere to 
the slide and leave a small portion of its substance if broken away. 
The bodies are highly refractive. As shown in Fig. 7 they look, 
under the higher magnification of the microscope, like miniature 
white potatoes. 

The compact nature of the inclusion bodies when freed by diges- 
tion makes them very easily manipulable for the purpose of inocu- 
lation. The trypsin may be pipetted from the surface of the bodies 
and be replaced with saline. This in turn may be pipetted off and 
the process repeated until the bodies appear to be free from debris. 
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After each addition of saline the bodies may be agitated in the solu- 
tion since they rapidly settle to the bottom again. Those bodies 
which happen to strike the surface of the solution form an exception 
to the rule for, once on the surface, they are closely held there by 
surface tension. After some experimenting it was found that a 2 per 
cent salt solution seemed to keep the bodies slightly more firm 
and dense than physiological saline, so the 2 per cent solution was 
used exclusively for the fluid medium in our experiments. 

After freeing the inclusion bodies from all cellular material an 
attempt was made to test their infectivity. Former attempts in this 
direction have been hampered by the failure to get the bodies 
cleaned sufficiently from their cellular surroundings. The process 
of digestion encouraged us in the belief that the inclusion bodies 
could be freed and washed clean enough to make their inoculation 
of value in determining whether or not the inclusion carries the 
infective agent of the disease. Among aU of the inclusion body 
diseases, fowl-pox lends itself with particular readiness to this ex- 
periment because of the large size and the compactness of the inclu- 
sions. Furthermore a bird is inoculated with extreme ease since the 
simple operation of plucking a feather leaves an epithelium-lined 
follicle which is an ideal nidus for the inoculation of minute amounts 
of fluid. 

For picking up the individual inclusion bodies a Chambers micro- 
dissection apparatus was found necessary. Two variations from 
the usual Chambers technic for isolating single bacteria by the 
pipette method were employed. Instead of using a hanging drop it 
was necessary to work with a small pool of material on the upper 
surface of the slide. This was because the inclusion bodies in the 
hanging drop fell to the dependent surface of the fluid, and once they 
had come under the influence of surface tension it was found im- 
possible to remove them from the fluid. The second change found 
necessary was the introduction of a micro-adjustment for the 
plunger of the injection syringe. This syringe, when worked with 
the unaided hand, forced a veritable torrent of fluid through the 
opening of the fine capillary pipette to which it was attached. With 
a simple screw attachment for the plunger it was found possible to. 
regulate perfectly the flow of fluid through the capillary opening. 

The apparatus is used under the low power of the microscope 
with the light cut down so that the inclusion bodies show up promin- 



INTECTIVITY OF INCLUSION BODIES OF FOWL-POX 5 

ently on a dim field. The digesting and washing are done with the 
help of a dissecting microscope. 

In the first inoculation experiment a small piece of infected epithe- 
lium was digested in trypsin for one and a half hours. The inclusion 
bodies were then washed with saline. About a hundred, as seen 
under the dissecting microscope, were sucked into a large pipette, 
transferred to another slide, and this slide was introduced under the 
microscope with the Chambers attachment. From five to ten in- 
clusion bodies were sucked into a fine capillary pipette and inocu- 
lated into a breast foUicle from which the feather had been plucked. 
Since the object of our experiment was to find whether the virus is 
concentrated in the inclusion or in the cellular material about it, the 
inoculation of inclusion bodies was controlled by the inoculation of 
the fluid overlying them into a follicle on the opposite side of the 
chicken. This fluid was by no means clear but contained numerous 
small particles floating in it. Consequently, when after seven days 
a bilateral “take” occurred on the chicken, it was thought that 
possibly a small inclusion body or portion' of inclusion had been con- 
tained in the supernatant fluid of the control inoculation. 

A refinement of technic was next attempted by picking up five or 
ten inclusion bodies in the capillary pipette with a minimum of 
fluid, transferring these to an entirely new pool of saline and from 
this pool picking up the inclusion bodies with a fresh pipette for 
inoculation into the fowl. However, this experiment too showed a 
“take” for both the inclusion body inoculation and for the super- 
natant fluid. 

In the hope that a further washing of the inclusion bodies might 
give a supernatant fluid free from virus the bodies were next passed 
through two distinct pools of saline. A sample protocol of the digest- 
ing and washing process employed may be roughly diagrammed 
as follows, using Hen P as an illustration. 

( Digesting pool 1 

under [Several hundred inclusion bodies transferred to 

dissecting scope J 

( Sorting pool I 

under [ 21 inclusion bodies picked up 14 delivered to 
Chambers scope] 

^ , , \ 7 inclusion bodies picked up 

3 (First wash pool 
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f 

< Second wash pool 




' 4 inclusion bodies inoculated into anterior breast fol- 
licle, right side of Hen P. 

Supernatant fluid inoculated into anterior breast fol- 
licle, left side of Hen P. 

J ^ 


The amount of fluid sucked into the capillary pipette in the transfer from 
Pool 2 to Pool 3 and again from Pool 3 to Pool 4 was in each instance not over 
.01 cc. Pools 3 and 4 each consisted of at least i cc. of saline, so that the fluid 
carried over from Pool 2 was diluted 1 to 100 in the first transfer and again i to 
100 in the transfer from Pool 3 to Pool 4, making a final dilution of at least 
I to 10,000 of any fluid carried over from Pool 2. 


In three different experiments chickens were inoculated on the 
right breast with inclusion bodies washed in this fashion and on the 
left breast with supernatant fluid equal in amount to the fluid 
inoculated with the bodies. The results of these experiments were 
uniformly positive on the side inoculated with inclusion bodies 
and negative on the side inoculated with their supernatant fluid. 
The diagnosis of a positive result was based on a demonstration 
of inclusion bodies in the lesion and on its content of active virus 
as determined by inoculation. 


Chart Shovnng Results of Inoculations with Washed Inclusion Bodies 


Follicle 

Number 

Number of 

Bodies Inoculated 

Result 

Ni 

6 

4* 

Or 


+ 

Pr 

Ki 


-I* 

Mi 


+ 

Ti 



T2 

Ui 


+ 

U2 



U3 



Vi 


- . 

V2 



V3 


_ 

Wi 



W2 



W3 



WHi 



WH2 



WH3 




Control 


* No control 


The question next arose as to how many inclusion bodies must be 
inoculated in order to secure a “take.” In the preceding experi- 
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ments the average number of inclusion bodies inoculated into each 
follicle had been four. A series of sixteen follicles was next inocu- 
lated with one inclusion body in each follicle. As shown in the chart 
seven of these inoculations showed a “take” while nine were nega- 
tive. In no instance, however, was a single control inoculation 
positive. 

A probable explanation of the failure to secure positive results 
in a larger percentage of the single inclusion body inoculations 
seemed to lie in the difficulty experienced in delivering a single body 
from the pipette into the foUicle. As graphically illustrated for Hen 
P only fourteen of the twenty -one inclusion bodies picked up could 
be delivered into the first wash pool and only four out of seven could 
be delivered into the second wash pool. This example is characteris- 
tic of our experience in aU of the attempts to transfer the inclusion 
bodies from one pool to another and indicates a propensity of the 
bodies for sticking to the wall of the pipette. Considering this 
difficulty the low percentage of “takes” is not remarkable. There 
was no gradation in the size or in the time of appearance of the 
“takes,” those which appeared at all coming on just as quickly 
as those which had been inoculated with four or five inclusion bodies. 

The lesion caused by the inoculation of one inclusion body is 
shown in Fig. 8. Each of the two swollen follicles was inoculated 
seven days previously with a single inclusion body. The swollen 
foUicles are 2 to 3 mm. in length and contain several hundred thou- 
sand inclusion bodies similar to the single inclusion body with which 
each was originally inoculated. The anterior one of these two 
follicles was removed and digested so as to free the bodies. The 
digestion mixture was then smeared on the plucked and scarified 
breast of a chicken. The lesion resulting after seven days is shown 
in Fig. 9. The massive “take” in the plucked foUicles and along 
the lines of scarification is, then, the result in two weeks time of the 
inoculation of a single inclusion body. 

Discussion 

The rapid development of a lesion foUowing inoculation with a 
single inclusion body we have interpreted as being due to the inocu- 
lation not of a single microorganism but of a large number enclosed 
within the inclusion. Special stains of crushed inclusions show by 
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count hundreds of definite, rounded objects about 0.25 micron in 
diameter within each body.’ These minute objects are believed to 
represent the actual virus of fowl-pox. Consequently, in inocula- 
ting a single inclusion body, one is probably inoculating an entire 
colony of virus bound up in its fatty capsule. 

Working with the digested material from a fowl-pox lesion gives 
one a very definite impression as to the character of the inclusion 
bodies. The way in which the bodies resist tryptic digestion marks 
them as something more substantial than the cell which contains 
them. The way in which the bodies can be washed clean and inocu- 
lated to give a 'Take,’’ while their supernatant fluid remains sterile, 
indicates that the inclusion bodies actually carry the infectious 
agent of the disease. The way in which a single inclusion body, 
when inoculated, produces in two weeks time a lesion containing 
millions of similar bodies indicates that the inclusion bodies of fowl- 
pox contain and are caused by a living, growing virus. So certain 
have we become that the inclusions carry a virus that the bodies 
are now spoken of with confidence as virus bodies rather than inclu- 
sion bodies. 

The results of these experiments aSord additional evidence that 
the typical lesion of fowl-pox is induced through an invasion of 
epithelial cells by the virus and its intracellular proliferation locally 
within the lesion. 


Summary 

1. The inclusion bodies of fowl-pox are composed of hundreds of 
minute bodies enclosed in a fatty capsule. 

2. The hypoplastic epithelium of the lesion of fowl-pox, when 
subjected to tryptic digestion, liberates the intact inclusion bodies 
while the epithelial cells undergo complete digestion. 

3. A single inclusion body, when washed with saline and inocu- 
lated into the skin of the hen, has produced a typical fowl-pox lesion 
containing the characteristic inclusions. The fluid in which the 
inclusion body is finally suspended is innocuous. 

4. The inclusion bodies of fowl-pox are intepreted as being 
true virus bodies, i.a, minute colonies of the etiological agent of the 
disease. 

5. The proliferation of the virus is accordingly largely, if not 
entirely, intracellular. 
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DESCRIPTION OF PLATES 


PlATE I 

Fig. I. Swollen feather follicle at “a,” ten days after inoculation wdth a single 
inclusion body of fowl-pox. 

Fig. 2. Epithelial core of inoculated feather follicle. This particular core was 
removed from the anterior follicle illustrated in Fig. 8. 

Fig. 3. Section through feather foUicle removed ten days after[inoculation with 
fowl-pox. The dark bodies within the swollen epithelial_^cells are the in- 
clusion bodies. Hematoxylin and eosin. x 80. 
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Infectivitj'' of Inclusion Bodies of Fowl-Pox 



Plate 2 


Fig. 4. Mass of infected epithelial cells in tlie process of digestion. Some of 
the freed inclusion bodies may be seen on the right-hand edge of the epithe- 
lial mass. X 47. 

Fig. 5. Inclusion bodies thirty minutes after the beginning of digestion. 
X 160. 
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Plate 2 





Plate 3 

Fig. 6. Inclusion bodies forty-five minutes after the beginning of digestion. 
Amorphous material forming the groundwork of the picture represents the 
digested epithelium, x 330. 

Fig. 7. High magnification of inclusion bodies completely freed by digestion. 
X 1000. 
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Infectivity of Inclusion Bodies of FowI-Po.y 



Plate 4 


Fig. 8. Two feather follicles each of which had been inoculated seven days 
previously with a single inclusion body. 

Fig. 9. Plucked and scarified breast of hen seven days after inoculation with 
inclusion bodies from the anterior follicle illustrated in Fig. S. 
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A CASE OF EXTENSIVE BILATERAL PROGRESSIVE THROMBOSIS 
OF THE SMALLER BRANCHES OF THE PULMONARY ARTERIES * 


Channing Frothingham, M. D. 

{From the Medical Clinic and the Pathological Service of the Peter Bent Brigham Hospital, 

Boston, Mass.) 

In order to emphasize the importance of disease in the pulmonary 
arteries Posselt ^ in 1909 published an extensive and comprehensive 
review of the lesions in these vessels that had been reported over a 
long period of years. He divided the lesions in the pulmonary arter- 
ies into groups depending upon the nature of the lesion, whether 
primary or secondary, whether associated with acquired or con- 
genital cardiac disease and whether there was disease in the other 
arteries of the body. Among the various lesions described Posselt 
refers to eighteen reports of cases of thrombosis with endarteritis of 
the pulmonary arteries. In some of these cases the thrombosis was 
extensive and occurred sometimes in the smaller branches of the pul- 
monary arteries but the distribution of the lesions and the clinical 
picture of none were sufficiently similar to the case here reported to 
identify any of them as the same disease. For a very complete re- 
view of the literature up to 1909 one is referred to this article. 

The causes assigned to the production of the various vascular 
lesions in the pulmonary arteries described in Posselt’s review- were 
often somewhat obscure although special disorders seemed to be 
associated with certain of the vascular changes. Thus conditions 
which caused an increase of pressure in the pulmonary circulation 
such as passive congestion from left-sided cardiac disease, emphy- 
sema, disease of the pleura and pulmonary tuberculosis were blamed 
for lesions in the pulmonary arteries. In like manner syphilis, the 
acute infections, especially smallpox, and congenital weakness of the 
blood vessels were considered as etiological factors. Kitamura ^ 
thought that plethora from excessive beer drinking was a cause of 
lesions in the pulmonary arteries and Emery ® the misuse of alcohol. 
For the cases with thrombosis in the pulmonary arteries no special 
etiological factor was mentioned as a probable cause. 

* Received for publication September 7, 1928. 
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Most of these cases of disease of the pulmonary arteries showed 
hypertrophy of the right side of the heart, in some instances even 
very extensive hypertrophy. Most of them also showed cardiac 
failure with edema or dropsy in some parts of the body. 

Since that very complete review by Posselt in 1909 there have ap- 
peared in the literature a few reports of disease of the pulmonary 
arteries but on the whole the subject does not seem to have received 
much attention. Most of the articles have laid emphasis on the dis- 
turbance in the heart that pulmonary vascular lesions may cause. 
Sanders ^ in 1909 reported a case of sclerosis of the smaller branches 
of the pulmonary artery without offering any reason for the lesions. 
ArriUaga ® in 1913 published a monograph on the clinical syndrome 
of chronic cyanosis, dyspnea and erythremia described by Ayerza in 
1901 as due to sclerosis of the pulmonary artery which has been 
spoken of as Ayerza’s disease. These lesions were in the larger 
branches and at the origin of the pulmonary artery. The cause of 
this sclerosis was not made clear. Warthin ^ in 1919 ascribes this 
arterial lesion to syphilis and there is apparently no doubt that 
syphilis does produce changes in this artery. Moschcowitz ^ in 1927 
claimed that the lesions of Ayerza’s disease were not due to syphilis 
but were due to increased pressure in the lesser or pulmonary cir- 
culation. 

In 1915 Veale and Coombs ® described gross sclerosis in the pul- 
monary arteries which they spoke of as primary because no apparent 
cause was found. In 1914 Schiitte ® reported a case in which the 
lesions in the pulmonary arteries were in the smaller branches and 
were detected only under the microscope. He offered no cause for 
the lesions but the patient was 74 years old and the lesions might 
have been the result of age, although the pictures suggest that they 
might have been the result of organization of thrombi. Also in 1916 
Hart reported two cases of sclerosis of the pulmonary arteries with- 
out apparent cause. 

Krutzsch in 1920 reported on the lesions that may occur in the 
pulmonary arteries and of special interest was his report of a case 
with thrombi in the small arteries and capillaries of the lungs associ- 
ated with a wide dissemination of cancer cells. Gamna^^ in 1921 
pointed out that sclerosis of the pulmonary arteries occurred in con- 
genital cardiovascular malformations and chronic pleuropuhnonary 
disorders. The sclerosis in these conditions usually involved the 
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larger branches. He also claimed that a primary sclerosis occurred 
in the smaller branches of the puhnonary arteries without any ap- 
parent cause. The lesions often simulated endarteritis obliterans. 
Eppinger and Wagner in 1920 called attention to lesions in the 
smaller branches of the pulmonary arteries without apparent lesions 
in the larger branches so that nothing was suspected on gross exam- 
ination. In their cases there were often thrombi in the small arteries, 
and they resembled in many ways the one here reported. They 
suggested that underlying the thrombi in the arteries there were de- 
monstrable lesions of the arterial walls. They discussed the various 
causes of vascular lesions without reaching any definite conclusions 
and pointed out that many of the theories regarding the cause of 
these vascular lesions did not fit their cases. In 1927 Clark, Coombs, 
Hudfield and Todd reported five cases of disease in the pulmonary 
arteries in one of which there was an obliterating endarteritis which 
they thought due to syphilis and one case with thickening and 
nodules in the branches of the pulmonary arterial tree that were only 
from five to one millimeters in diameter. The cause for the lesions in 
these small arteries was not apparent. 

It is quite obvious, therefore, that various lesions occur in the pul- 
monary arteries and that these lesions may occur in the larger or 
smaUer branches alone, or in both. Syphilis undoubtedly causes 
some of the lesions. Other lesions similar to arteriosclerosis also 
occur without the etiology being any more apparent than it is in 
arteriosclerosis elsewhere in the body. In this group increase in the 
intra-pulmonary pressure, diseases of the lungs or pleura and acute 
infections are among the causes blamed for the arterial lesions. Con- 
genital defects are also considered as a cause of some of the vascular 
lesions. In addition a few instances of thrombotic lesions with ob- 
scure etiology in the smaller pulmonary arteries have been reported. 

The following case, in which interesting lesions were found in the 
pulmonary arteries, was observed clinically and came to autopsy. 

Case Report 

Clinical Record: Peter Bent Brigham Hospital Number 51761. 

The patient was a single, white woman, aged 38 years who entered the Peter 
Bent Brigham Hospital on April 15, 1926, and died on April 24, 1926. Her chief 
complaint was shortness of breath. 

The family history was imimportant. In childhood she was ill with chicken- 
pox, measles, mumps, diphtheria, whooping cough and possibly typhoid fever. 
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All her life she had been subject to frequent “colds” and had been somewhat 
deaf for twenty years. Five years before entry her tonsils were removed. 

The exact time of the onset of her final iUness was not clear, but she claimed 
that she was perfectly well up to about six months before admission to the 
Brigham Hospital. At that time while having a severe “cold” in the head she 
noticed marked shortness of breath while on a mountain climbing trip. This 
soon disappeared. About four months before admission, associated with an- 
other cold in the head, shortness of breath was again marked and there was also 
a sharp pain under the left breast upon deep breathing or coughing for three or 
four days. Following this upset her shortness of breath did not entirely disap- 
pear and similar symptoms occurred off and on until she entered the Mt. Sinai 
Hospital in New York under the care of Dr. Marcus A. Rothschild about the 
middle of January, 1926. 

Dr. Rothscliild has kindly sent me a summary of his findings and his opinion 
in regard to the patient. He finally decided upon neurocirculatory asthenia on 
a post-infectious basis as the best diagnosis he could make, although he was 
by no means satisfied with this diagnosis. An X-ray of the chest at that time 
showed the lungs to be clear and the left ventricle of the heart somewhat 
rounded but without definite enlargement of the heart. An electrocardiogram 
was normal except for an inversion of the T wave in the third lead. 

Following her discharge from the Mt. Sinai Hospital she took a short rest and 
then returned to her work in New York as manager of a tea room. 

About six weeks before admission to the Brigham Hospital with another 
“cold” the shortness of breath returned and also a pain in the left side of the 
chest. She gave up work and went to visit relatives but the shortness of breath 
became so pronounced that she was unable to walk more than a few steps with- 
out becoming markedly short of breath. Also her appetite became quite poor 
and she vomited several times. On three occasions a short time before admission 
she practically fainted on rather slight provocation. During these months she 
had lost from 15 to 20 pounds in weight. 

Physical examination upon entrance at the Brigham Hospital was essentially 
negative except that upon such slight exertion as talking or moving in bed she 
became cyanotic and exceedingly short of breath. She was able, however, to lie 
flat comfortably. Her blood pressure was 92 systolic and 68 diastolic. Her hemo- 
globin by the Dare method was So per cent; red blood count 5,630,000; white 
blood count 14,350. The differential leukocyte count showed polymorphonu- 
clear neutrophiles 70 per cent; lymphocytes 23 per cent; large mononuclears 
6 per cent; and eosinophiles i per cent. In the smear the red blood cells ap- 
peared normal. Subsequent examinations showed that the leukocytosis increased 
shghtly. The urine was essentially negative on several examinations except for 
a moderate number of leukocytes, the origin of which was not investigated. The 
stools were normal and the blood Wassermann reaction negative. A basal me- 
tabolism study on April 17 showed -1-5 per cent. Her vital capacity on April 20 
was only 53 per cent of her theoretical normal. One physician who examined her 
thought that the right side of the chest moved more freely than the left and that 
there was slight dullness and a few crackling rales in the upper left front. The 
house physician made the preliminary diagnosis of neurocirculatory asthenia. 

On March 31, 1926, Dr. L. B. Morrison of Boston reported upon the X-ray 
study of her lungs by stereoscopic plates. He found increased fibrosis at the 
hilum of both lungs and quite a bit of fibrosis at the cardiohepatic angle. He 
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also found some thickened pleura at the very peak of the left diaphragm 
without any free fluid. He thought that there had been some subacute in- 
flammatory process at that point which had caused a peribronchial thickening 
and a thickened pleura and that it was subsiding. There was no evidence of 
tuberculosis. 

On April 20, 1926, a seven-foot fllm of the heart taken at the Brigham Hos- 
pital showed a definite enlargement in the region of the left ventricle. The in- 
ternal diameter of the chest was 22.5 cm.; the right border of the heart 4.4 cm. 
and the left border 9.6 cm. from the midstemal line. The shadow of the great 
vessels above the heart was 5.5 cm. wide. 

During her stay in the hospital her temperature was not elevated. Her pulse 
rate was with few exceptions between 100 and 1 10 per minute and it did not be- 
come appreciably faster as death approached. Her respirations at rest ranged 
from 20 to 30 per minute. 

An electrocardiogram showed a right ventricular preponderance with an in- 
verted T wave in both the second and third leads. During her stay of nine days 
in the Brigham Hospital the shortness of breath upon exertion, no matter how 
shght, became more marked. She became gradually more cyanotic upon ex- 
ertion and even at rest, and finally somewhat orthopnoeic. She also developed 
exhausting coughing spells. Her piflse became gradually weaker in volume. 
On the morning of her death as she was markedly cyanotic and strugghng for 
breath one of the attending physicians remarked that had the symptoms 
developed suddenly it would be the typical picture of an embolus in the 
pulmonary artery. 


Autopsy Report 

A postmortem examination was made eight hours after death 
without opening the skull. From the heart’s blood a streptococcus 
hemolyticus was obtained in culture but as no signs of its activity 
were seen in the lungs or other organs its presence was not considered 
of importance. Although the important findings were in the lungs 
and heart a few points of interest were found in other parts of the 
body and will be mentioned first. The organs that are not mentioned 
were essentially normal both in the gross and under the microscope. 

Slight passive congestion was found in the liver, spleen and kid- 
neys. In addition, in the liver there were some small areas of early 
focal necrosis. Also in the liver there were a few small nodules con- 
taining giant cells in some of which were small stellate bodies. Sim- 
ilar lesions were also present in the lungs and will be described in 
more detail below. In the uterine wall there were a few small leiomy- 
omata and about the external os of the cervix there was a superficial 
erosion with microscopic cysts in the glands beneath. Furthermore 
in the left uterine vessels and their contributaries there were ante 
mortem clots which in some instances completely occluded the 
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vessels. Also in one section of the vagina for microscopic study a 
large adjacent vein contained a thrombus without evidence of or- 
ganization or infection about it. The aorta showed only slight evi- 
dence of arteriosclerotic changes and the smaller arteries in the vari- 
ous organs of the body seemed in excellent condition except for those 
in which thrombi were present. 

Heart: The heart weighed 280 gm. It seemed somewhat dis- 
tended and rather large for the weight and after being severed from 
the great vessels collapsed, especially upon the right side. The valves 
and coronary arteries were not remarkable. No evidences of mural 
thrombi were found. The myocardium was somewhat softer in con- 
sistence than normal and a little pale but there was no gross evidence 
of fibrosis. The wall of the right ventricle was hypertrophied, espe- 
cially toward the base where it measured i cm. in thickness tapering 
to 0.3 cm. in thickness toward the apex. In the right ventricle the 
trabeculae carneae were much hypertrophied. Microscopic exami- 
nation of the heart was also essentially negative except for a section 
of the auricle which showed a thrombus which apparently was an 
ante mortem formation but quite recent as there was no evidence 
of beginning organization. This was apparently overlooked in the 
gross inspection of the auricles although they were carefully searched 
for mural thrombi. 

Upon opening the pulmonary artery within the pericardial cavity 
only fluid blood was found in the larger branches and nothing re- 
markable was noted about the vessels. 

Lungs: The lungs were normal in shape and pink in color except 
for the extreme posterior borders where they had a dark red almost 
purplish tinge. This darkening of the posterior margins covered a 
smaller area than ordinarily noted. The right lung weighed 300 gm. ; 
the left 250 gm. 

The left lung was crepitant throughout except for two small areas, 
one on the lower sharp border of each lobe. Here on the surface of 
the lung there were sharply demarcated dense white areas each tri- 
angular in shape, the height of the triangle being about 1.5 cm. and 
the base resting at the sharp border of the lung. This tissue was very 
hard in consistence and had almost a cartilaginous feel. It extended 
between both surfaces of the lung and the edge of the tissue occupied 
the sharp border. The surface here was somewhat softer than the 
remainder of the lung. Surrounding these triangular white areas 



THROMBOSIS OF BRANCHES OF PULMONARY ARTERIES 


there was a region of crepitant dark red lung which merged insen- 
sibly into the more nearly normal pink lung about it. On section of 
this portion of the lung the white appearance of the surface extended 
completely through the central part of these areas taken to be old 
infarcts and about them' was a border of congested firm lung tissue 
about 0.5 cm. in width. Sections elsewhere in the left lung showed 
only crepitant grayish pink tissue which however seemed to have a 
slight brownish tinge. It had a somewhat more rubbery feel than 
normal lung but was crepitant throughout. No exudate could be 
expressed from this lung. 

In the right lung five or six infarcted areas were found in similar 
locations to the two in the left lung, that is along the sharp borders of 
all three lobes. Two of these had a similar appearance to the two in 
the left lung, that is the central portion was dense, almost cartilagin- 
ous. The others varied from this picture to one suggesting a very 
recent infarct. This latter area was raised somewhat above the sur- 
face of the surrounding lung and was dark red in color and at its 
border; both on the surface and on cut section it had a fairly well de- 
marcated edge. Intermediate between these two extremes the other 
infarcts had a grayer center than the firm one and this central por- 
tion was softer although still quite firm. About each of them was 
a rim of firm congested crepitant lung tissue. Elsewhere the right 
lung showed a similar appearance on section to the left lung. 

Dissection of the bronchi in both lungs revealed a slightly con- 
gested mucosa to which there was attached a small amount of brown- 
ish mucoid material. Dissection of the pulmonary veins revealed 
nothing unusual. The lesions about to be discussed were present in 
both lungs but much more frequent in the right. Upon opening the 
pulmonary arteries nothing unusual was found in the first and second 
order of branches peripheral to them. After the dissection of the 
branches of the third and fourth order was attempted practically all 
of them were found completely occluded by thrombi. These thrombi 
varied in size from small pin-head-sized crumbly grayish pink masses 
firmly attached to the waU to similar appearing masses i or 2 cm. in 
length and filling the whole lumen of the vessel. Propagated from 
these older thrombi in the direction of the root of the lung were ad- 
herent long dark red softer thrombi. In many cases the thrombi 
when pulled off were seen to be extending into some of the small pin- 
head size ultimate branches of the vessels, leading to the parenchyma 
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of the lung. When these comparatively fresh thrombi were torn off 
from the walls of the arteries they left rough surfaces which in some 
places were slightly ulcerated. In addition to these fresh thrombi a 
few very firm, very dense yellowish white thrombi were found firmly 
attached to the wall and almost compeltely fiUing the lumen. These 
latter thrombi could not be very readily crushed in the fingers, al- 
though most of the grayish pink ones could be so crushed. Other 
portions of the lining of the pulmonary arteries were somewhat 
roughened and had a yellowish white appearance although no 
thrombi could be rubbed from the surface. This was most marked 
in the smaller branches and in several places a small ring of this 
roughening and thickening was found surrounding one of these ulti- 
mate pin-point branches. 

Microscopic Examination 

For microscopic study sections were made from twenty- three 
blocks of the lung tissue. In all there was a very considerable in- 
crease of connective tissue in the alveolar walls and about blood 
vessels and bronchi. In some regions the alveolar walls were almost 
avascular. The alveoli throughout the lungs contained numerous 
mononuclear cells, most of which contained carbon pigment. Ad- 
jacent to blood vessels, bronchi, pleura and interlobular septa were 
tubercle-like lesions composed of mononuclear cells and giant cells 
(Figs. I and 2). Most of these lesions contained numerous lym- 
phoid and plasma cells and some showed beginning fibrosis. In the 
giant cells were found the stellate inclusions described by Wolbach 
in 1911, and the histology and distribution of the lesions in the lung 
were in general identical with those described by him. The lesions 
in the liver with giant cells mentioned above probably represent the 
same process. 

The infarctions noted in the gross showed varying degrees of re- 
pair. Some of them consisted essentially of rather dense cicatricial 
tissue but the majority showed necrotic centers, preserving roughly 
the architecture of the lung parenchyma and surrounded by dense 
fibrous tissue. There were a few recent infarctions with hemorrhagic 
peripheral zones undergoing organization. None of the infarctions 
showed evidence of suppuration. 

The important pathology of the lung concerns the blood vessels. 
Many of the smallest recognizable arteries showed an extraordinary 
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thickening of their walls and were composed of a dense connective 
tissue with a very narrow lumen lined with swollen endothelial cells. 
Here and there these vessels showed acute change, on the whole 
reminiscent of the lesions found in the glomerular arterioles in 
chronic nephritis accompanied by hypertension (Figs. 3 and 4). The 
smooth muscle layer was intact but the media greatly thickened and 
sparsely infiltrated with mononuclear cells (macrophages). The 
lumen in most instances was almost completely obliterated by com- 
pression and lined with swollen endothelial cells. The thickened 
intima was characterized by a lightly staining collagen and by the 
presence of fairly well preserved red blood corpuscles, as if both the 
endothelium and connective tissue had become permeable to par- 
ticulate matter. 

These acute lesions were comparatively few in number and con- 
cerned vessels of the diameter of 0.03 mm. to 0.05 mm. Subsequent 
sections in the vascular lesions were dijfficult to follow. It was quite 
evident that complete occlusion of some small arteries had resulted. 
In the majority of instances the repair had been accomplished by a 
new deposit of collagen producing concentric or eccentric thickening 
of the blood vessel wall and throughout the sections studied there 
were found small arteries showing early and late cicatricial thicken- 
ing of the intima (Fig. 5). In larger arteries there had evidently been 
organization of thrombi inasmuch as many were found containing 
several endothelial-lined channels. In arteries regarded as showing 
the oldest lesions thickened walls were frequently found to contain 
cells resembling in all respects smooth muscle cells such as are found 
frequently in old canalized thrombi (Fig. 6). In arteries of larger 
caliber, of dimensions in the neighborhood of i mm. to 1.3 mm. there 
were found completely organized and canalized thrombi. The chan- 
nels were lined with endothelium and backed up by smooth muscle 
cells; these represented the late stage of repair (Fig. 7). Such canal- 
ized arteries on the whole show a practically normal media and a 
normal distribution of elastic tissue. Fresh thrombi and thrombi 
with early organization were found only in arteries of considerable 
size, those with a diameter of 1.5 mm. and over (Fig. 8). 

In these larger arteries the histology gave no clue to the causation 
of the thrombi. On the other hand, the microscopic findings sup- 
ported the conclusions made at the time of the postmortem that 
these fresh thrombi were propagated from the more distal organized 
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and canalized thrombi. In none of the sections were arteries found 
with unusual degrees of the arteriosclerotic or atheromatous pro- 
cesses. Only in arteries in close proximity to infarctions were acute 
changes simulating the early stages of atheromatosis found. 

Discussion 

While in the study of these lesions many details were noted in the 
histology of the blood vessel lesions, no completely satisfactory selec- 
tion of lesions could be made in the attempt to work out the se- 
quences which gave rise to the predominating pathological condi- 
tion, viz.^ a propagating thrombosis with organization and canaliza- 
tion. 

It seems warrantable to conclude that the acute lesion, consisting 
in swelling and cellular infiltration of the vessel wall represents an 
early if not the initial damage. The infiltrating cells for the greater 
part were mononuclear cells (macrophages). Polymorphonuclear 
leukocytes were practically absent. Eosinophiles and mast cells were 
occasionally present. The presence of mononuclear cells together 
with the swollen endothelium permits the consideration of the possi- 
bility of an infectious agent as causative factor. 

A wholly warrantable conclusion is that the oldest lesions as well 
as the most recent are to be found in the minute arteries and that the 
thrombosis traveled by centripetal progagation. The explanation 
of the continued propagation of thrombi over the long period indi- 
cated by the clinical history and by the histological findings pre- 
sents a problem not solvable by the histological fimdings, because the 
t3q)e of lesion seen in the smallest arteries is not present in the larger 
arteries with recent thrombi, nor is there anything in the appearance 
of the organized and canalized thrombi to account for the continued 
propagation. 

An hypothesis which may be entertained is that the lungs in this 
case had been the seat of an extensive interstitial pneumonitis. This 
hypothesis is suggested by the generalized fibrosis and by the tuber- 
cle-like lesions adjacent to bronchi, blood vessels and connective 
tissue structures of the lung, all regions of lymphatic channels. In 
fact it is quite evident that many of the smaller tubercle-like lesions 
have arisen in lymphatics. Whether or not the initial vascular dam- 
age was done during the period of interstitial pneumonitis cannot 
be solved, but it would seem reasonable to accept this explanation 
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rather than to assume the presence of an unknown infectious agent 
of uniaue behavior. 

On the whole, the closest analagous vascular pathology is to be 
be found in the disease known as thrombo-angiitis obliterans. Aside 
from the distribution of the lesions, the similarity of the process to 
the present case seems evident. At least there is in both conditions 
centripetally propagated thrombosis of arteries accompanied by or- 
ganization and canalization. The pathology of the arteries in this 
case is more nearly expressed by the term endarteritis or arteritis 
than by arteriosclerosis or atheromatosis. 

It is not evident whether the thrombosis in the uterine vessels and 
the microscopic thrombus found in the auricle were due to the same 
process as the lesions in the pulmonary arteries. The lesions in the 
pulmonary arteries were evidently much older. 

In this case it is interesting to note that with these multiple small 
infarctions of all ages in the lungs very little evidence of them was 
found upon X-ray examination. It is also interesting to speculate 
whether the so-caUed fresh “colds” and periods of shortness of 
breath represented periodic advancement of the thrombus formation, 
or recurrence of the acute arterial lesions. In the cases cited from the 
literature, even those by Eppinger and Wagner which strongly sug- 
gested the lesions found in this case, the outstanding symptoms usu- 
ally were cardiac failure. In this case the heart muscle had not given 
way to the extent of the production of edema and pronounced pas- 
sive congestion, but already evidence of hypertrophy of the right 
ventricle had appeared and it is possible that the lack of symptoms 
of cardiac failure could be explained by the fact that the patient 
died early in the course of the disease. 

The lesions in this case are certainly different from ordinary ar- 
teriosclerosis, also from lesions due to syphilis and also from some of 
the cases of thrombosis of the pulmonary arteries that have been 
reported. The lesions may be similar to those in a few of the cases 
with thrombosis of the pulmonary arteries and cardiac failure that 
have been reported. Possibly the case may represent a unique lesion 
of the pulmonary arteries. 


Summary 

This case dinicaUy during life presented symptoms of unexplained 
shortness of breath and cyanosis upon exertion gradually increasing 
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over a period of months. The cause for it became apparent at au- 
topsy as due to thrombosis of the smaller branches of the pulmonary 
arteries with resulting infarctions and injury to lung tissue. 

This thrombosis began in the smallest branches of the pulmonary 
arteries and propagated centripetaUy toward the larger branches. 

The cause for the beginning of the thrombosis or its tendency to 
propagate was not apparent. 

In the walls of some of the smallest branches of the pulmonary 
arteries were slight acute lesions for which the cause was not ap- 
parent. 

The relation of the tubercle-like lesions in the lung to the vascular 
lesions is unsettled. 

Note: For the photomicrographs and many helpful suggestions I 
am indebted to Professor S. Burt Wolbach. 
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DESCRIPTION OF PLATES 
Plate 5 

Fig. I. Tubercle-like lesion in the limg showing giant cells, x 210. 
Fig. 2. Tuberde-like lesion in the lung showing giant cells, x 210. 
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Pl.ate 5 















Plate 6 

Fig. 3. Acute vascular lesion showing tliickening of the vessel wall with swell- 
ing of the endothelium and invasion with mononuclear phagocytes. X 210. 

Fig. 4. Acute vascular lesion showing thickening of the vessel wall with swell- 
ing of the endothelium and invasion with mononuclear phagocytes. X 210. 
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Pl-Ate 6 











Plate 7 


Fig. 5. Thickened blood vessel wall with connective tissue, either endarteritis 
or an organized thrombus. X 210. 

Fig. 6. Connective tissue narrowing the lumen of an arterj^ with cells suggest- 
ing smooth muscle cells, presumably an old organized mural thrombus. 
X 210. 
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Plate 7 








Plate S 


Fig. 7. Thrombus in an artery with canalization in the thrombus. X 62. 

Fig. 8. Fresh thrombus with early organization in an arterjn Arterial wall 
good condition. X 62. 
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Plate S 




















A CASE OF MAMMARY GLAND TISSUE IN THE AXILLA* 
Joseph McFarland, M.D. 

{From the McManes Laboratory of Pathology, University of Pennsylvania, 

Philadelphia, Pa.) 


In the monograph upon '‘The Breast: Its Anomalies, Its Diseases 
and Their Treatment” by Deaver and McFarland,^ some ninety-five 
publications recording more than a hundred cases of axillary mam- 
mary tissue are reviewed, and arranged as follows: 

I. Cases in which lumps of painful character appear in the axilla during 
pregnancy or at the beginning of lactation, either where small painless 
lumps have existed since puberty, or where the patient was uncon- 
scious of the existence of any abnormality. 

II. Cases in which “ axillary lumps,” similar to those mentioned, occur imder 
like conditions, but discharge a milky secretion through openings of 
varying size and number. 

III. Cases in which the “axillary lumps” are surmounted by a more or less 

distinct areola with one or more rudimentary nipples, 

IV. Cases in which there is a distinct mammary gland in the axilla, upon 

which there is a distinct areola and a fairly well formed nipple. 

The following case seems to belong in Group I of this tabulation, 
that in which the greatest number of incidences occur. 

Report of Case 

The patient is a young married woman, 23 years of age, who two 
years ago gave birth to her first child. At the usual time after de- 
livery the breasts swelled and a lump occurred in the right axilla 
that quickly grew to the size of a hen’s egg. 

A binder was applied to the breasts, which diminished in size, and 
at the same time the lump in the axilla grew smaller although it 
never went away. 

Not long ago the patient spoke of having a “lump under her arm,” 
and her brother-in-law, who is a surgeon, became interested and sug- 
gested an examination at which another similar but smaller “lump” 
was found in the other axilla. The surgeon now became apprehen- 
sive, fearing that they were enlarged l3anph nodes, and possibly 
indicative of beginning disease of the lymphatic system. 

* Received for publication Jime 14, 1928. 
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The lump in the right axilla caused a visible swelling when the 
arm was extended, and when carefully palpated seemed to be about 
4 by 2 cm, in size and resolved itself into three rounded lobules or 
portions, one free and two connected like a dumb-bell. All were in- 
sensitive and movable, except for intimate connection with the skin. 
The patient consenting, the larger “lump” was removed under local 
anesthetic and no enlarged lymph nodes were found. Incision of the 
excised tissue resulted in the escape of whitish fluid that looked like 
milk. 

Microscopic examination revealed a histological structure corre- 
sponding to that of the mammary gland. 

This led to further interrogation of the patient, from whom it was 
learned that the lumps in the axillae enlarged and became a little 
tender at each monthly period but that they never “leaked” or dis- 
charged any milky fluid either at the time of the pregnancy enlarge- 
ment that led to their first observation, or at any time since. 

Resemblance between the large sudoriparous glands of the axilla 
and mammary tissue have sometimes caused the former to be mis- 
taken for the latter. The coiled tubules of the eccrine glands do re- 
semble the smaller lobules, and the broad lumenated apocrine glands 
suggest the “residual secretory acini” of the mamma.. 

Inasmuch as both the sudoriparous and lactiferous glands are so 
closely related in structure that the latter is looked upon as an exag- 
gerated and specialized homologue of the former, there is every 
reason that the histological resemblances should be close. 

Each sudoriparous gland seems to consist of a single tubule (it is 
said that in some of the larger glands the tubule may give off a 
branch), while a mammary gland is composed of a highly complex 
system of branching tubules. In each there is a secretory and a con- 
ducting portion whose structure varies with its function. The secre- 
tory portion of each tubule of each gland has the same theoretical 
fundamental structure, and consists of a membrana propria sur- 
mounted by two layers of cells, the outer and less conspicuous some- 
times known as the “basket cells” being regarded as ectodermal in- 
voluntary muscle cells, the inner much larger and cuboidal, known 
as the “chief” or secretory cells. The prominence of the latter as 
compared with the former, sometimes gives the false impression of 
tubules lined by a single layer of cells. Again, and especially in the 
mammary glands, the contraction of the muscle cells seems to cause 
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crowding of the secretory cells, to disguise their relation to the base- 
ment membrane and to confuse the cells of the two layers so as to 
give the impression of several layers of cells with no limi ting mem- 
brane. As the ever increasing quantity of secretion requires larger 
and larger tubules to accommodate it, the tubules of the lactiferous 
glands unite with others, and still others, as they approach the nipple 
at which their common outlets are situated, eventuating in large 
ducts lined with colunmar epithelium, and terminating in ampullae. 

The tubules of the sudoriparous glands receiving no accessions, 
remain approximately of uniform diameter except that during active 
secretion they dilate widely. But as the secreting part of the tubule 
ends and the conducting part is reached, instead of expanding as is 
the case with the lactiferous glands, it diminishes to about one-half 
its former diameter, loses its muscle cells, and develops a double or 
treble cell layer with a homogeneous zone or cuticle about the 
lumen. 

The larger apocrine glands are less compact, the lumens are wider, 
the epithelium more flattened, and the cytoplasm of the cells dis- 
tinctly eosinophilic. 

But apart from these simple histological considerations, there is a 
remarkable difference in behavior that is based upon the respective 
functions of the different glands. 

The sudoriparous glands although not constantly active, must 
ever be ready to assume their important functions, and, therefore, 
have a structure that may be looked upon as permanent and invari- 
able, while the mammary glands are only occasionally called upon 
to exercise their function, for which there must be elaborate prepara- 
tion. Their structure, therefore, varies from time to time to an 
extraordinary degree, accordingly as they are resting, or in process 
of evolution or involution. 

The outset of estruation in animals, and menstruation in humans, 
is marked by phenomena that vary in extent in different animals, 
and in degree in different individuals. It is now pretty well agreed 
that these are the result of the exciting effects of a hormone origi- 
nating in the ovary and probably derived from the liquor folliculi or 
secreted by the corpora lutea.® 

There is at present no suspicion that this hormone in any manner 
affects the histology of the sudoriparous glands, but its effect upon 
the lactiferous glands is striking, for their previously quiescent 



26 


MCFAHLAND 


tubules begin to extend and branch until distinct lobules of mam- 
mary tissue are formed. 

As it is at estruation that the sexes usually unite and, therefore, 
at that time that conception takes place, it might not be wide of the 
mark to conclude that this growth of mammary tissue is in antici- 
pation of expected gravidity, and to gain time for the voluminous 
increase of tissue that must nourish the resulting offspring. If no 
conception follows, the termination of estruation is followed by 
atrophy of the useless glandular tissue, and the return of the gland 
to its “resting stage.” 

The application of this knowledge to what takes place in the 
axillae of those rare cases in which women have lactiferous gland 
tissue in that situation, is sufficient to explain the clinical phe- 
nomena. During virginity they may never suspect such an anomaly, 
but when pregnancy occurs, the gradual growth of aU lactiferous 
tissue may result in the appearance of a “lump” wherever such 
tissue is situated, and when lactation sets in, any such “lump” may 
undergo a sudden and painful increase because of the secretion and 
retention of the milk. If the milk escapes or can be expressed the 
pain is relieved; if that cannot be done further painful enlargement 
may occur and become so severe as to necessitate operation. In or- 
dinary cases the pain soon subsides and the Imnp gradually dimin- 
ishes, sometimes disappearing altogether. But in many cases the 
patient can find it by palpation, and finds it sometimes sensitive at 
the menstrual periods, because of the slight hypertrophy of the 
lactiferous tissues at that time. 

In the present case knowledge of the histological cyclical varia- 
tions in lactiferous tissue may be of assistance in distinguishing be- 
tween the sudoriparous and lactiferous tissues where they come into 
close juxtaposition, as is so often the case in the axilla. The biopsy, 
at which the tissue obtained for microscopic examination was se- 
cured from the patient, was performed on the first day of a menstrual 
period and only one hour before the flow began. At that period each 
unit of the lactiferous tissue should be surrounded by a loose zone of 
periductal tissue, and should be giving off those auxiliary ductules 
or acini that form the periodically appearing lobules. 

As a matter of fact, precisely that condition obtains. There is 
proliferation of the glandular tissue, and some secretion fills the ducts 
of the mammary tissue. 
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It seems, therefore, that the clinical history of the case, the 
surgical discovery of a collection of milk at the time of the operative 
removal of the tissue, and the histological findings all point clearly 
to this case as one of mammary tissue in the axilla. 
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Plate g 

Fig. I. An eccrine gland below on the left, apocrine glands elsewhere. This 
is from the superficial part of the removed tissue. 

Fig. 2. Below and to the left three mammary lobules, two partly blended, 
the third separate. Elsewhere apocrine tubes of sudoriparous glands. 

Fig. 3. More deeply in the removed tissue one finds mammary tissue only. 

Fig. 4. Various lobules of mammary tissue in the deeper part of the removed 
tissue. 
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MALIGNANT THYMOMA WITH METASTASES * 
Frank Richard Herriman, M.D., and Walter E. Rahte, M.D. 
{.From the Post-Gradmie Hospital New Yorh, N. F.) 


The case of malignant thymoma reported here presents clinical 
and pathological features of unusual interest and our observations 
are recorded with the hope of contributing information that may aid 
in arriving at a correct diagnosis in an early stage of a condition 
heretofore recognized only in the advanced form and then only after 
biopsy and in the majority of cases only after autopsy. 

Throughout the early months of our case, we met many diagnostic 
difficulties which were augmented rather than lessened by recourse 
to laboratory assistance and it is believed that an accurate presen- 
tation of our observations will tend to a better understanding of the 
problems met in thymic neoplasms of a malignant nature. 

The term thymoma is misleading because it simply implies a 
tumor, benign or malignant originating in the thymus gland; how- 
ever, since that appellation was first proposed by Ambrosini ^ in 
1894 it has been generally adopted to describe an atypical malignant 
neoplasm of the thymus gland. 

The pathology of a thymoma is still a matter of controversy and 
will remain so until histologists agree upon the normal constituents 
of the thymic parenchyma. A satisfactory discussion of this subject 
entails a review of the embryology, histogenesis and pathology of 
the thymus gland and as that has been presented in recent writings 
by Foot,^ Jacobson,® and Symmers and Vance,^ it seems superfluous 
to enter such a discussion here. We will, however, refer to these 
articles where points relevant to our case are encountered. 

In describing the disease entity called thymoma we quote 
Ewing’s ® description, not only because he is a recognized authority 
on the subject but also because he was a consultant in our case. 
According to him a thymoma is a lymphosarcoma of the thymus 
gland, composed of thymic or reticular cells, occupying the anterior 
mediastinum extending from the sternal notch or as high as the thy- 
roid gland down to the diaphragm. A thymoma usually surrounds 

* Received for publication August 20, 1928. 
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and compresses the trachea, bronchi, pericardium and great vessels. 
By compression and occasionally by invasion of vessels and air pas- 
sages death is caused by asphyxia and venous obstruction which may 
be gradual or sudden. The tumor mass is encapsulated within the 
mediastinum in some cases but in others it becomes adherent to 
surrounding organs and invades the pleura, lung, pericardium, walls 
or I n min a. of vessels, trachea, bronchial, cervical and axillary lymph 
nodes. Metastases to distant organs are occasionally noted involv- 
ing spleen, liver, adrenals, pancreas, kidney and bone marrow of the 
humerus (Zniniewicz).® In our case there were also metastases to 
the stomach and to one ovary. Strauss reports a case in which the 
tumor invaded the musculature of the auricles and completely 
obliterated the lumen of the vena cava by pressure. The pericar- 
dium was involved in our case but the myocardium escaped in- 
vasion. 

Thymoma is an uncommon neoplasm and only about ninety cases 
have been reported, which include those in which neither biopsy nor 
autopsy were done and hence the accuracy of the diagnosis may be 
questioned. The sixty-nine cases of tumor of thymic origin which 
Rubaschow ® collected from the literature include both sarcomas 
and carcinomas and it is doubtful that all these cases would be 
classed as thymomas in the light of more modern research. Numer- 
ous cases have been reported with distant metastases yet only three 
(Ambrosini,^ S3anmers and Vance, ^ Friedlander and Foot are on 
record in which the process invaded organs below the diaphragm 
and ours makes the fourth. 

Although the literature on th3anoma is quite extensive but little 
reference is made to its clinical phases, most of the discussions being 
confined to the pathological findings. In searching the literature it 
was hoped we would receive some enlightenment from the clinical 
experiences of others that might aid in making an early diagnosis 
but in the majority of cases heretofore reported no statement is 
made whether the correct diagnosis was arrived at before resorting 
to biopsy. We note, however, that some observers met with diag- 
nostic experiences similar to ours and it is of interest to compare 
them. ^ Foot and Harrington reported a case of thymoma in which 
the original diagnosis was unresolved pneumonia. Miller records 
a patient whose diagnosis lay between a laryngeal diphtheria, heart 
disease, a foreign body in the air passages, asthma and some vague 
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intrathoracic growth, Jacobson® in reporting a case of primary 
neoplasm‘of the thymus emphasizes the difficulty of an ante mortem 
diagnosis. His case was originally diagnosed muscular rheumatism 
by a local physician and later a surgeon considered the condition one 
of metastatic cancer of the spine. Apparently the early manifesta- 
tions directed attention to the metastatic condition rather than the 
primary focus. Even the roentgen-ray examinations in this case 
were misleading for they pictured a process of the spine simulating 
Pott’s disease and metastatic infiltration of the lungs. To cite an- 
other example of the difficulty of an early diagnosis we mention the 
experience of Helvestine who reports a case in which the first diag- 
nosis was intrathoracic tumor with tumor of the neck, possibly a 
combination of Hodgkin’s disease with exophthalmic goiter. Our 
case presented similar diagnostic difficulties and only after repeated 
biopsies and pathological studies was a correct diagnosis finally 
made. In the case we report below, the diagnoses varied with the 
progress of the disease and were more or less influenced by certain 
laboratory studies and roentgenograms. At various stages the 
clinical signs were those of non- toxic substernal thyroid, status 
thymicolymphaticus, lymphosarcoma, and Hodgkin’s disease. The 
two former diagnoses were at first confirmed by roentgen rays, but 
serological and histological examinations misled us in suspecting 
syphilis and later tuberculosis. Subsequent X-rays however dis- 
closed a distinct mediastinal newgrowth and the final biopsy pre- 
sented the histological picture of thymoma. 

Report of Case 

Clinical Report: A. H., a white female of the phthisical status, aged 25 years. 
First seen July 27, 1927. 

C/we/ Complaint: Swelling of neck of three weeks duration interfering 
slightly with breathing; some pain at base of neck. 

Family History: Mother died of cancer of the stomach. 

Past History: Tonsillectomy in childhood. 

Present History: Noticed swelling in thyroid region of neck about three 
weeks ago accompanied by no other symptoms at that time, except an “ embar- 
rassing” pinkish discoloration of eyelids and brows. More recently she com- 
plained of becoming easily fatigued on exertion and feels somewhat nervous. 
The thyroid swelling is slowly but steadily increasing. There is a tendency to 
shortness of breath. 

Physical Examination: Well developed, fairly well nourished female. Pale 
complexion with an imusual sharply circumscribed pmkish discoloration involv- 
ing eyelids and brows, giving the impression of a theatrical “make up.” 
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Eyes: Reacted normally to light and accommodation and were equal on 
both sides. 

Nose and Teeth: Negative. 

Throat: Ulcer in vault of pharynx. Tonsils, removed. 

Thyroid: Uniformly enlarged but of a greater density on palpation than is 
usual in simple goiter or in Graves’ disease. There were no nodular masses as in 
adenoma of the thyroid or in tuberculous glands or Hodgkin’s disease. 

Chest: No deformities^ no pulsation; no bulging; no engorgement of veins of 
chest or arms. Substemal dullness 9 cm. in diameter extending from the thy- 
roidal enlargement down to tlie base of the heart. 

Heart: Showed no abnormality excepting that the apex measured only 7 cm. 
from the midstemal hne. No arrhythmia, no murmurs, no thrills; a normal rate 
of 72 to the minute. 

Lungs: Negative except for the above-mentioned dullness. 

Abdomen: Liver and spleen not palpable and no other signs of abnormality. 

Extremities: Negative excepting for eczema of elbows. No clubbing of 
fingers. 

Blood Pressure: Systohe 120; Diastolic 80, No difference between right and 
left arm. 

Superficial Refiexes: Normal. 

Superficial Lymph Nodes: Not palpable. Peripheral vessels not thickened. 

Tentative Diagnosis: Substemal, non-toxic goiter. 

Laboratory Findings: To this date were essentially negative. 

Progress Notes 

August II, igsy: Slight swelling of cervical glands was noted. Wassermann 
taken and reported negative. 

August 18: Admitted to hospital for further study. Physical examination 
confirmed above findings except for an increased heart rate of 96 per minute 
with frequent premature contractions. The sounds were of good quality with- 
out murmurs. Lungs and abdomen presented no changes since previous exam- 
ination. 

August 20: A roentgenogram at this time showed a thorax long in its vertical 
diameter with the heart small and inclined to the rotate type. An increase in 
density in the superior mediastinal region is noted especially on the right side 
together with a clouding above this suggesting probable substemal thyroid. 

August 24: Basal metabohsm reported normal. Further study of the roent- 
genogram led to the belief that the substemal shadow was attributable to a per- 
sistent thymus rather than to a substemal thyroid, which fact, together with a 
small heart and the general lymphatic type of individual, justified the revised 
diagnosis of “status thymicol3Tnphaticus.” 

A blood count done at this time gave the following figures: Reds, 5,090,000; 
whites 7,900; hemoglobin 87 per cent. 

Diferential Count; Polymorphonuclears 69 per cent; transitionals, r per 
cent; small lymphocytes 20 per cent; large lymphocytes 5 per cent. 

Temperature readings varied from 99° F to 100° F. 

Weight: Remained about stationaiy at ^o^ lbs. The patient was treated 
symptomatically and kept imder observation. The shortness of breath, in- 
somnia and general malaise continued to increase and the cervical glands 
gradually grew larger. 
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September g: Biopsy was done on gland removed from the cervical region and 
the patient discharged from the hospital. Following are the results of this 
biopsy. 

Microscopic Examination 

Sections show several small lymph glands embedded in dense 
fibrous tissue. The l3anph glands are circumscribed in part and in 
part the outlines are diffuse. Within the lymphoid substance there 
are no well demarkated follicles, but rather a picture of diffuse 
lymphocytosis. Scattered among the lymphocytes are numerous 
plasma cells and occasional eosinophilic polymorphonuclear leu- 
cocytes. The poorly demarcated lymph glands show numerous 
lymphocytes, plasma cells and eosinophiles i nfil trating in all direc- 
tions throughout the surrounding fibrous tissue. The fibrous tissue 
extends into the attached fatty tissue with infiltration by lympho- 
cytes, plasma cells and eosinophilic leucocytes. There is a large 
necrotic area, chiefly in the fibrous tissue. In this necrotic area rem- 
nants of cell nuclei can be seen and occasional blood vessels and some 
necrotic portions of lymphoid tissue. 

The striking thing in the fibrous tissue is the thickening of the 
walls of many blood vessels with perivascular infil tration by lympho- 
cytes and plasma cells. The presence of numerous plasma cells and 
eosinophilic leucocytes together with the fibrous tissue proliferation 
and especially the type of necrosis, suggest a syphilitic lesion. 

Diagnosis: Chronic lymphadenitis and perilymphadenitis with 
necrosis suggesting S3^hilis. In the absence of definite evidence of 
a newgrowth, it seems more than likely that syphilis is the proper 
diagnosis. We would suggest a further Wassermann test be made, 
preferably on the spinal fluid. 

Pursuant to the suggestion of the pathologist another blood Was- 
sermann test was made which was again negative. A similar test on 
the spinal fluid was not obtained. In view of the conflicting infor- 
mation thus obtained it was deemed advisable to send a biopsy speci- 
men to another pathologist and Dr. Ewing was consulted. His ex- 
pressed opinion follows: “The picture resembles tuberculosis but 
must be mterpreted as a distant effect produced by radiation em- 
ployed in the thymic region.” For example, it is common, according 
to Dr. Ewing, for axillary lymph nodes to show a picture simulating 
tuberculosis when radiation has been applied to cancer of the breast. 
Accordingly a revised pathological diagnosis was rendered of lymph- 
adeniasis with necrosis, produced by the distant effect of radiation. 
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Previous to receiving this report we had clinically excluded tuber- 
culosis which conclusion had been subsequently confirmed by the 
X-ray findings. 

September 21, ig2p: A provocative salvarsan was followed by a negative 
Wassermann. 

September 25: The substemal mass subjected to one X-ray treatment. 

September 26: Vemes’ flocculation test for syphilis was negative. 

September 28: Patient was again admitted to the hospital for further obser- 
vation and for X-ray therapy. The only complaint now being stiffness and a 
sense of soreness in the neck upon arising in the mornings. There had occurred 
a loss of 3 lbs. in weight during the last six weeks. The temperature continued 
to hover around 99° F and 100° F and it was deemed advisable to postpone fur- 
ther X-ray therapeutics until the fever subsided. 

October 5: A Vemes’ flocculation test for tuberculosis gave a report of 80 and 
83 milligrams of flocculation per 1 cc. of fluid with a note from the technician 
stating that such high results denoted active tuberculosis. This observation in 
conjunction with the pathologist’s previous diagnosis of tuberculosis after 
stud3dng the first biopsy specimen together with the developing lung involve- 
ment led us to suspect an acid-fast infection. Repeated sputum examinations 
however failed to discover the presence of tubercle baciUi. 

October 8: An annoying cough with some pain in right chest developed. 
Examination of the chest revealed dullness at the base of the right lung pos- 
teriorly with feeble yet audible breath sounds and a diagnosis of pleurisy was 
made. A roentgenogram reported a marked reduction in the size of the tume- 
faction in the retrosternal space though tumefaction extending downwards 
from the cervical region is still noted. The picture however has been altered by 
the addition of a low-grade bronchopneumonic or bronchiectatic infiltration 
involving the right lower lobe. There is also pleuritic involvement with slight 
exudate, probably plastic in type obscuring the right costophrenic sinus. The 
heart is of the mitral stenotic type, relatively small in its total area Avith a 
marked straightening of the left heart border. The roentgenological diagnosis 
being, “probable thyroidal enlargement; reduction in size of substemal mass; 
low-grade bronchopneumonic process lower right lung \vith pleural involvement 
at right base.” 

October 14: The dyspnea now caused decided distress and the clinical signs 
of pleural effusion were immistakable. 

Roentgenological exammalion was reported as follows: Examination of the 
thorax shows marked mediastinal infiltration with a low-grade bronchopneu- 
monic process pushing into the left central limg field as well as toward the right 
base. On the right side the lung condition is partly obscured by concomitant 
pleural thickening, both interlobar and basal, along with a considerable amount 
of exudate obscuring the lower half of the right pulmonic field. Evidence of 
pleural involvement is noted in the left costophrenic sinus. 

Diagnosis: Marked mediastinitis, central low-grade bronchopneumonic in- 
filtration. Thoracentesis was done and 1320 cc. of a slightly hazy straw-colored 
fluid was removed and sent to the laboratory for differential cell count, for 
presence of mitotic division figures and for inoculation in guinea pig. The re- 
port is as follows: “ Sediment contains numerous mononuclears, moderate poly- 
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morphonuclear leucocytes and lymphocytes. No tumor cells recognized. No 
mitotic division figures found. Color, orange; translucence, moderate; con- 
sistency, fluid; but5rric acid, plus four; white cells per c. mm. 1270; polymor- 
phonuclear leucocytes ii per cent; lymphocytes 89 per cent.” All subsequent 
reports on the results of guinea pig inoculation were negative for tuberculosis. 

A consultation with an eminent clinician was held at this time who made a 
diagnosis of Hodgkin’s disease. It may be stated here that those of us who were 
most intimately connected with this case had at the very beginning considered 
the possibility of Hodgkin’s disease but had ruled it out for want of clinical evi- 
dence, a finding which was subsequently confirmed by study of the tissue re- 
moved at the first biopsy. However in deference to this opinion, and because 
we were not fully convinced that either the clinical or pathological diagnoses 
were correct another biopsy was ordered. Because of conflicting interpretations 
in previous pathological studies we sent tissue from this biopsy to several 
laboratories where different pathologists rendered the following opinions. 

First Lahoratpry Report: “Microscopic sections show no recogniz- 
able l)Tnph gland structure. We find instead a diffuse growth of 
reticular cells with small lymphocytes scattered throughout but not 
in great numbers. The reticular cells vary from round to polyhedral 
in shape and vary markedly in size, many of them being very large, 
and the general picture is that of homogeneous sheets of cells. It 
would seem that the lymphocytes play a passive role in the forma- 
tion of the tumor. It is usual in this particular group of tumors that 
when the reticular cells become so numerous the lymphocytes largely 
disappear. The neoplastic activity is not circumscribed but extends 
outward into the surrounding fibrous tissue and fat. Mitotic figures 
are occasionally found but not in all oil immersion fields. 

Diagnosis: Th3rmoma. (Fig. i.) 

A consultation was held over this study with Dr. Ewing who con- 
curred in the diagnosis made by our pathologist. His decision was 
accepted as final. 

Second Laboratory Report: Microscopic sections show the normal 
architecture of the lymph node replaced by a diffuse lymphoid cell 
infiltration with some increase in the fibrous tissue comprising the 
stroma. Scattered eosinophiles are also found in the tissue. His- 
tologically the tissue indicates a chronic (granulomatous) inflamma- 
tion, not induced by the tubercle bacillus and probably not luetic. 
The presence of eosinophiles without the special cells characteristic 
of Hodgkin’s disease precludes fairly definitely the possibility of this 
disease. 

Diagnosis: Chronic (granulomatous) inflammation. 
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October 21, 1927: Patient is still running a sustained temperature of 100° to 
102° F with little change in the swelling of the neck and cough or in her general 
condition. 

October 22: Following the last biopsy report it was decided to treat the condi- 
tion with radium. Accordingly 10 radium seeds were implanted in the mass in 
the left cervical region. 

October 25: Patient was transferred at the request of the family to a sani- 
tarium where she died on November 20, 1927. 

Report of Autopsy 

Body: Is that of an extremely emaciated white female aged 24, 
163 cm. long. Abdomen scaphoid. General rigor and dependent 
livor mortis. Skin everywhere is covered with numerous dis'crete 
dry eruptions, i to 2 mm. wide, similar in appearance to old dried 
small scratch marks, the skin immediately adjacent appearing nor- 
mal. On the mucocutaneous junction of left lower lip there is an 
irregular excoriation, 10 by 12 mm. Three old vertical linear scars 
are present in the left neck, 3, 3 and 2 cm. long. There is a small, 
dry, shallow decubitus ulcer over the left sacrum. In lower abdo- 
men, just above both Poupart’s ligaments and parallel to them are 
bluish ecchymotic areas, those on the right being more marked and 
larger, measuring 11,5 by 4 cm. Both supra- and infraclavicular 
fossae and axillary spaces contain numerous hard, discrete nodules, 
the largest being about the size of lima beans. In the subcutaneous 
tissues of left lateral thoracic wall in anterior axillary line is another 
indurated, freely movable nodule, 1,5 cm. in diameter. Just to the 
right of the sternum in the second intercostal space is a smooth, 
hard elevation, measuring 4.5 by 3.5 cm. 

Both breasts are small, soft, and contain indefinite masses of soft 
mammary tissue. Pupils are regular, equal, moderately dilated, 
6 mm. in diameter. There is a bilateral pterygium on nasal side of 
each eye. Teeth are good. Mucous membrane pale. 

Incision: Y-shaped from midsternum to symphysis pubis. Pan- 
niculus adiposis practically absent. Muscles flabby and pale red. 

Neck: Numerous hard superficial and deep cervical l3mph nodes 
are present, the largest measuring 2 by i by i cm. In the anterior 
plane just beneath the very thin dark yellow subcutaneous fat is a 
very firm, fibrous opaquely white mass, 6 by 3 by 1.5 cm., vuth a 
tongue-like lower border fitting into the suprasternal notch. Thy- 
roid is compressed into a thin coUoid-containing mass. A lateral 
lobe measures 2.5 by 1.2 cm. 
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Thorax: (Fig. 2.) Left pleural- cavity is almost completely oblit- 
erated, except for several locculi, about 5 cm. in diameter, contain- 
ing turbid dark yellow fluid. In right pleural cavity there are about 
500 cc. of blood-tinged fluid and a few firm fibrous adhesions pos- 
teriorly. Both parietal and visceral pleurae of the lateral wall and 
diaphragmatic surfaces are covered with a dirty gray fibrinous 
exudate. Visceral pleura of lower right lobe, especially the dia- 
phragmatic portion, is greatly thickened and pearly white (Fig. 3). 
Parenchyma of right and left lungs are dark red and very edematous. 
Upper right lobe posteriorly, near the hilum, contains a metastatic 
nodule 2 by 1.5 cm. in diameter, hard, very cellular. Anteriorly 
there is another, beneath pleura, 5 mm. in diameter. In left hilum 
are several similar nodules between the bronchial ramifications. 
Left apex is infiltrated with cellular, opaquely gray tumor tissue. 
There is a protuberant indurated growth, left paramedian, on the 
upper surface of the diaphragm, 5 by 3 cm., cut surface showing 
fibrous and more grayish cellular areas. 

The external nodule in the right second interspace corresponds 
to a similar growth of equal size interiorly (Fig. 2) and merges with 
the mediastinal mass which pushes the heart over to the left. Peri- 
cardial sac contains about 150 cc. of blood- tinged fluid. Whole sac 
(Fig. 4) is lined by a shaggy, viUous, brownish, fibrinous membrane, 
easily puUed off. Sac after formalin fixation measures 10 by 10 by 
12 cm. Heart is in systole, 235 gm., 8.2 by 10 by 5 cm. All the coro- 
nary arteries are covered with tumor growth, the posterior branch 
measuring 9 mm. in its outer diameter. Aorta shows numerous 
small yellow raised atheromatous patches. Right ventricular wall, 
0.5 cm., left 2 cm. Mitral valve shows many old vegetations. Peri- 
cardium in region of coronaries is as much as 5 mm. thick, firm and 
opaquely white. 

Anterior mediastinal space is completely replaced by tumor tissue 
from superior border of sternum down to the diaphragm, to a depth 
of 4 cm. Superior thoracic aperture is completely infiltrated with 
opaquely white, hard tumor, completely surrounding trachea and 
esophagus. In fact the whole mediastinum down to esophagus in 
the midthoracic region consists of this firm opaque tumor tissue. 

Abdomen: No free fluid present in peritoneal cavity. Large in- 
testines are but slightly distended; several pultaceous small fecal 
masses are present in the terminal ileum. Stomach contains about 
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400 cc. of green, sour smelling fluid and some air. Gastric mucosa 
throughout shows quite a number of split-pea-sized grayish eleva- 
tions, the apices of which contain a shallow ulcer about 3 mm. in 
diameter. Many perigastric glands are enlarged, resilient, the larg- 
est measuring 3 by 1.7 by 1.5 cm. Mesentery of ileum shows many 
minute to pea-sized calcified nodes. Intestinal mucosa is deeply in- 
jected and covered with blood-tinged mucus. 

Liver: Measures 17 by 22 by 8 cm., firm and yellowish brown in 
color. No metastatic infiltration is present grossly on section. Gall- 
bladder measures 5 by 2 cm., wail thin. Contents, about 5 cc. of 
dark green bile. Spleen, 8 by 5.5 by 2.5 cm., is soft, dark red and 
very pulpy. No tumor nodules found. Pancreas is firm and grayish 
yellow. 

Left kidney, 285 gm., 13 by 8 by 6 cm.; right 275 gm., 13.5 by 7.5 
by 5.5 cm. Their surfaces are coarsely lobulated. Capsule strips 
easily, exposing a mottled grayish red, smooth, swollen surface 
(Fig. 5). On section a similar mottled variegated dark red and 
opaquely gray appearance is noted. The medulla, which grossly 
seems to be uninvolved by the tumor infiltration appears as streaks 
of dark red radially towards the renal papilla. Ureters are grossly 
negative; the right passes from the left side, paramedian, over the 
bodies of the vertebrae towards the right brim of the pelvis. Right 
kidney here is obliquely situated, its lower pole lying in the left 
abdomen. Bladder is contracted, containing a few centimeters of 
slightly turbid urine. Mucosa is pale and very much rugose. Adre- 
nals show no gross findings. 

Uterus: Measures 6 by 5.5 by 2.5 cm., wall at fundus being 1.2 cm. 
thick. Mucosa is thin and pale. Right ovary, 4.5 by 2 by 1.5 cm., 
and left 5 by 2 by i cm., containing corpora lutea and albicantes. 
Tubal ostia are patent. Serosa of uterus and adnexae are deep pur- 
plish red in color. 

Anatomical Diagnoses 

Thymoma with extensions and metastases to lungs, peribronchial, 
cervical and axillary lymph nodes, stomach, kidneys and retroperi- 
toneal and gastric lymph nodes. Acute fibrinous pericarditis (cor 
viUosum) with effusion. Edema and congestion of lungs; chronic 
adhesive pleuritis (bilateral); hydrothorax (bilateral); acute fi- 
brinous pleuritis (right). Healed tuberculosis of the mesenteric 
lymph nodes. 
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Microscopic Findings 

Neck: Lymph nodes from neck show a diffuse necrosis, appearing 
as shadows of previous cells which refuse to stain differentially. 
However, there stiff remain nests of viable-looking tumor cells of the 
reticulum cell type of thymoma (Fig. i), large polyhedral cells with 
large vesicular nuclei, distinct nucleoli and acidophile cytoplasm. 
Mitotic figures are numerous. The general picture of thrombosis, 
necrosis and fibrosis may be interpreted as a radiation effect on the 
tissues. 

Mediastinum: Sections from the main tumor mass in the anterior 
mediastinum, pulmonary nodules, diaphragmatic and enlarged 
axillary nodes all present a similar picture of diffuse tumor cell over- 
growth, made up of large polygonal cells with vesicular nuclei, dis- 
tinct nucleoli and acidophile cytoplasm. Numerous mitotic figures 
may be seen. Similar tumor cells invade the peri-esophageal and 
peritracheal tissues. Vessels here contain fibrin thrombi. Alveoli 
of lungs near area of tumor infiltration contain dense fibrinous exu- 
date, coagulated serum or red blood cells. Vessels in this region are 
engorged with blood or plugged with thrombi. Areas of necrosis are 
present. Beneath the fibrinous exudate the subpleural tissues are 
infiltrated with tumor cells. 

Heart: Beneath the dense fibrinous exudate on the visceral and 
parietal pericardium is present a similar tumor infiltration as seen 
rmder the pleura (Fig. 6). Myocardium itself is not involved. 

Gastro-Intestinal Tract: Gastric and intestinal mucosae show 
marked postmortem decomposition, are injected and infiltrated 
with numerous round cells. The lymphocytes of a large perigastric 
lymph node are completely replaced by tumor elements. Submu- 
cosal vessels are deeply engorged. In sections from the nodules of the 
gastric mucosa tumor cells and mitotic figures are plentiful (Fig. 7). 

Liver, Pancreas and Spleen: Essentially negative. 1 

Kidneys and Adrenals: A widespread tumor replacement of renal 
tissue leaves very little cortical parenchyma here and there (Fig. 8). 
In the more involved areas the glomeruli can be seen as single en- 
tities, lying in a bed of congested tumor tissue. Adrenals are nega- 
tive except for minute focal petechiae in both cortex and medulla. 

Uterus and Adnexae: Show a general congestion. One section of 
the ovary shows metastatic tumor areas with many mitotic figures. 
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Final Diagnoses 

Thymoma with extension to pleura, lungs, pericardium, dia- 
phragm, and metastases to cervical, peribronchial and axillary 
l3Tnph nodes, stomach, perigastric lymph nodes, kidneys, ovary, 
and invasion of sternum. Acute fibrinous pleurisy associated with 
tumor cells. Hydrothorax. Acute fibrinous pericarditis with effu- 
sion associated with tumor cells. Edema and congestion of lungs. 
Chronic adhesive pleuritis (bilateral). Healed tuberculosis of mesen- 
teric lymph nodes. Chronic passive congestion of liver and spleen. 

Comment 

This case of malignant thymoma presents many points of clinical 
and pathological interest, the outstanding features of which are: 
id) the difficulties in reaching a definite conclusion as to the true 
nature of the process involved; (&) the apparently slow growth of the 
neoplasm during the early months of progress; (c) the absence of 
any but relatively trivial clinical symptoms; and (d) the extensive 
metastases to distant regions without definite disturbances in func- 
tion of the organs involved. 

Attention has already been called to the confusion caused by early 
pathological, serological and roentgenological studies. The biopsy 
findings show the importance of obtaining a biopsy before the thera- 
peutic use of the roentgen ray. Our reliance upon the results of the 
Vernes’ flocculation test for tuberculosis has received some justifica- 
tion in a recent contribution by Baylis,^® whose observations in a 
series of 250 cases explains our error in interpreting the figures re- 
corded. It appears that positive results are obtained in the presence 
of pulmonary newgrowths of non-tubercular origin which have 
undergone necrosis, and are therefore unreliable as an indication of 
active tuberculosis. Clinically the latter condition was ruled out at 
the first exmination, for there were no physical signs and no sub- 
jective complaints suggestive of a Koch infection. The substernal 
and subclavicular dullness was continuous with the mass in the neck 
and was not attributed to pulmonary consolidation. At this stage 
of the disease there were no sharply outlined enlarged glands as seen 
in tuberculosis; on the contrary the left cervical mass consisted of a 
single diffuse, goiter-like tumor. It was not until a microscopical 
examination of gland tissue showed changes suggestive of tuber- 
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culosis together with a positive Vernes’ test with the subsequent 
development of pleurisy, that our attention was again attracted to 
the possibility of a tubercular process. 

A diagnosis of s)q)hilis was entertained because of the persistent 
ulceration of the pharynx of unknown origin which resisted ordinary 
medication. Repeated Wassermanns however were negative. Later 
when a histological study of the tissue removed at biopsy suggested 
a syphilitic lesion, a provocative Wassermann and a Vemes’ floccula- 
tion test for lues were done, but again reported negative. Lympho- 
sarcoma and Hodgkin’s disease had been given due consideration 
but the appearance of the neck was not typical of these conditions 
and the first biopsy showed none of the characteristic histological 
changes ascribable to them. 

The apparently slow growth during the early stages of our case 
followed by a rapid progress in the last two months is in accordance 
with the description of similar cases of th)anoma reported by other 
observers. Apparently the process grew so insidiously that the 
structures of the thorax gradually accommodated themselves to the 
invading mass without producing marked pressure symptoms. 
Considering the size of the neoplasm removed at autopsy it is aston- 
ishing that the patient presented so few symptoms during life. The 
duration of our case from the time when the patient first consulted 
us until death was a little short of four months, during the first two 
months of that period the patient’s chief concern was the enlarge- 
ment of the neck and the disfiguring discoloration surrounding the 
eyes. She complained of a slight cough, soreness of the neck, dys- 
phagia, nervousness, insomnia and loss of appetite, but aU these 
disturbances disappeared on occasions and she would then enjoy 
intervals of perfect comfort. It was surprising how well she felt con- 
sidering the seriousness of her condition and we were impressed with 
the patient’s cheerfulness and state of optimism, a mental attitude 
comparable to that so often attributed to subjects of tuberculosis. 
Not until the lung parenchyma became invaded, about seven weeks 
prior to death, did she suffer real discomfort. She then complained 
of an annoying cough with considerable pain in the right chest. It 
was also surprising how little disturbance was occasioned by the 
metastases to distant organs. The kidney parench5rma showed wide- 
spread replacement by tumor elements yet the last urinalysis was 
negative except that only 400 cc. were excreted during twenty-four 
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hours. Unfortunately a blood chemistry was not done to determine 
whether nitrogen retention was present. 

Attention is also directed to the manner of invasion of the lungs. 
Previous observers reported the involvement of lung tissue by direct 
extension whereas in our case this was followed both by metastasis 
and extension. The extension over the visceral and parietal peri- 
cardium was by continuity from the primary tumor mass. The 
peculiar pinkish color phenomenon surrounding the eyes remains 
unexplained and several dermatologists who had been consulted 
were also unable to offer a satisfactory explanation. 

In reference to the treatment it is worthy to note that a single 
exposure to roentgen-rays was followed by a shrinking of the sub- 
sternal mass although no effect upon the cervical tumor was demon- 
strated. The patient’s condition progressed so rapidly to a fatal 
issue that it was impossible to draw any conclusions as to the action 
of the radium seed. The tumor cells had already entered the circu- 
lation when we were first consulted as evidenced by the metastasis 
to the cervical glands and it is therefore extremely doubtful that 
X-rays or radium instituted at that time would have checked the 
condition. The most we could have hoped for would have been an 
amelioration of symptoms and a temporary remission in the progress 
of the growth. 

No authentic cases of cures have been recorded in malignant thy- 
moma. Groover, Christie, Merritt and Coe reported a marked 
remission in the tumor in one case following deep radiation and an 
apparently complete and permanent disappearance in another but 
the nature of the tumor was not proved pathologically. 

In reporting the data on this case of thymoma it is realized that 
no method of reasoning is offered whereby a correct diagnosis of this 
malignant neoplasm can be made clinically, for the ultimate decision 
will always rest with the pathologist. It is believed however that the 
publication of our experiences wiU in the occurrence of mediastinal 
neoplasms stimulate a closer search of the th3Tnus gland as the pos- 
sible origin of malignancy and thus lead to the recognition of such a 
tumor at a stage early in development when surgery or radiation 
may effect a cure. 
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Summary 

The pathological studies on this case were made by Dr. Louise H. 
Meeker/® who summarizes the findings as follows: 

AU studies of thymoma end more or less in theoretical discus- 
sions with quotations from the authoritative works of Hammar/® 
Schridde/’ Danchakofi and Maximow.^® The opposed views of 
these writers as to the genesis of the thymic cells accounts for the 
persistence of the indefinite term “thymoma.” The rarity of “thy- 
moma” accounts in part for our inadequate knowledge. According 
to our files the first record of thymoma in our hospital was in June 
1926. 

In this case we have a malignant tumor originating in the thymic 
region as evidenced by the clinical history and substantiated by the 
anatomical findings. 

Grossly the tumor is white and leathery and has no sharp bound- 
aries. It fills the entire mediastinum extending upward about the 
larynx, displacing the thyroid, ensheathing the large vessels of the 
neck and invading the cervical glands. Its lateral and downward 
extensions are directly along the pleura and pericardium following 
the vena cava and prevertebral connective tissue below the dia- 
phragm and spreading to the viscera of the abdomen and pelvis. 
The abdomen and pelvic involvements include both kidneys, the 
stomach (intestine?) and ovary. Extension below the diaphragm is 
rare and no single previous thymoma reported has equalled the 
widespread involvement that has occurred in this case. 

The striking features of the finer detail are first, the evident ex- 
tension by way of the lymphatics and second, the pronounced in- 
filtrating character of the neoplastic tissue especially shown by the 
obliteration of structural landmarks in the organs invaded. The 
radiated portions of the growth in particular show many areas of 
necrosis. 

Microscopically the cells forming the tumor are of one general 
type growing diffusely throughout a scanty stroma although in some 
areas the stroma may be abundant. They are small cells for the 
most part with vesicular nuclei having one nucleolus and with 
scanty slightly basophilic or acidophilic cytoplasm. Closely inter- 
mingled with these just named cells there are large cells also with 
vesicular nuclei having nudeoli and more abundant and paler cyto- 
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plasm often with one to several processes. Many of the cells contain 
acidophile granules, still others are phagocytic and mitotic figures 
are occasionally fairly numerous and pyknotic forms are common. 
Irregular calcific deposits found only in sections from the true thymic 
region are interpreted as degenerated Hassal’s corpuscles. We have 
interpreted the tumor cells as pretty closely resembling so-called 
small thymic cell and especially the thymic reticular elements. Has- 
sal’s corpuscles are not a part of the newgrowth. 
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DESCRIPTION OF PLATES 
Plate 10 

Fig. I. High power. The pol3Tnorphous reticular type cells are well shown. 
Fig. 2. Photograph of gross specimen showing the masses attached to the 
sternum and the diffuse growth filling the mediastinum and extending over 
the pleura, pericardium and diaphragm. 
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Plate ii 


Fig. 3. Showing the pleural thickening by the tumor growth. 

Fig. 4. Photograph of gross specimen. The entire heart is covered with a 
shaggy growth of tumor cells. 
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Plate 12 


Fig. 5. Photograph of kidney. All the pale areas are formed of tumor meta- 
stases. 

Fig. 6. Photomicrograph of pericardium showing the thick mantle of tumor 
cells. 
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Plate 13 


Fig. 7. Photomicrograph of nodule in the mucous membrane of tire stomach. 
Fig. S. Photomicrograph showmg the invasion of the kidney by tumor cells. 
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THE INTIMAL LESION OF THE AORTA IN RHEUMATIC 

INFECTIONS * 

David Perla and Max Deutch 

(Fro7;i the Division of Laboratories, Montefiore Hospital, New York, N. F.) 

Rheumatic aortitis is now a well recognized entity and several 
instances have appeared in the literature. Although the first re- 
corded observations on rheumatic arteritis date back to Bouillaud^ 
in 1840, it was not until the work of Klotz ^ and Rabe ® that accu- 
rate pathological data were collected on the subject. Klotz pointed 
out the flame-like scars about the nutrient vessels in the media and 
the cellular infiltrations of the adventitia. It is, however, to Pappen- 
heimer and VonGlahn that we owe a complete histopathological 
description of the vascular lesions in rheumatic fever both in the 
aorta and the smaller vessels.^’ ® In their first paper on the subject 
of aortitis in this disease ® they found no intimal lesion but noted in 
addition to Aschoff bodies in the adventitia, dense and acellular 
scars in the media about the nutrient vessels. Here the initial lesion 
was described as a swelling, fragmentation, and lysis of the collagen 
fibrils. They subsequently ® reported in a child 9 years of age with 
progressive recurrent rheumatic fever an instance of rheumatic 
aortitis with previously undescribed cellular infiltrations of the 
media as well as fairly typical changes in the adventitia. In the 
outer two-thirds of the media the vessels were thickened and about 
these there were polymorphonuclear leukocytes, lymphocytes, and 
larger elements having the structural and staining characteristics 
of “Aschoff cells.” 

More recently, the same authors reported two further instances 
of cellular rheumatic lesions in the aorta.'^ In one the intima was 
involved microscopically. In the other, accompanying typical 
changes in the endocardium of the left auricle and in the mesenteric, 
renal, and coeliac vessels, glistening brownish translucent patches 
of ridges were noted in the intima of each sinus of Valsalva and of 
the ascending aorta, resembling in many respects the endocardial 
lesions of the auricle. Microscopically the lesions were predomi- 

* Received for publication July 17, 1928. 


4S 



46 


PERLA AND DEUTCH 


nately in the intima and the subjacent portions of the media. Bands 
of non-nucleated fibrillar tissue were found in the intima bordered 
by rows of deeply staining cells with basophilic cytoplasm and one 
or occasionally two large vesicular nuclei containing a central dense 
clump of chromatin. The intimal endothelium appeared swollen 
and polygonal and gave the appearance of migrating into the sub- 
jacent stroma. Occasional clefts were noted in the intima which in 
places appeared to communicate with the lumen of the aorta and 
were filled with red blood cells and bordered by polyhedral cells. 
No cholesterin crystals were found. The media showed a complete 
loss of muscle fibers over large areas with only collagen and elastic 
fibers persisting. In places the elastic coat was thinned out and 
ruptured. In the outer two-thirds of the media were seen perivascu- 
lar infiltrations of the t5^e previously described.* 

These are not the only instances of intimal lesions of the aorta in 
rheumatism reported in the literature, although the few previously 
described cases are not unequivocal.** We are reporting two 
further instances of gross rheumatic involvement of the intima of 
the aorta. 

Case i. Clinical History: No. 15817, M. P., male, age loj- years, entered 
Montefiore Hospital on Feb. 5, 1928, with the complaint of palpitation and 
shortness of breath on exertion. During the preceding five years he had had 
recurrent attacks of rheumatic fever with evidence of cardiac involvement. On 
examination at the time of admission he presented the physical signs of mitral 
stenosis and insufficiency and aortic insufficiency. His blood picture was nor- 
mal. During the greater part of his stay in the hospital he was febrile and de- 
veloped a marked anemia. A few days before exitus he complained of severe 
precordial pain and a loud friction rub was heard over the apex and lower edge 
of sternum. The child died suddenly seven weeks after admission. 

The autospy No. (4261) was performed 5^ hours after death. 

The anatomical findings were: recurrent rheumatic endocarditis, 
mitral and aortic valves, and left auricle; mitral and aortic insuf- 

* Kugel and Epstein ® have recently reported microscopic rheumatic lesions of the 
pulmonary artery resembling the aortic lesions described by Pappenheimer and Von 
Glahn. They noted the frequency of involvement of the pulmonary musculo-arterial 
junction. 

** A complete review of the literature bearing on lesions of the blood vessels in 
rheumatic fever may be found in the publications of Pappenheimer and VonGlahn. 
Chiari ® has recently described six instances of chronic rheumatic infection with adven- 
titial lesions of the aorta and its main branches. These consisted of perivascular infil- 
• trations with “Aschoff cells,” plasma cells and lymphocytes. 
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ficiency; cardiac hypertrophy and dilatation; rheumatic aortitis; 
organizing serofibrinous pericarditis; partial atelectasis left lung; 
chronic passive congestion abdominal organs; ascites. 

Heart: The heart weighed 600 gm. It was covered by a shaggy 
exudate. The mitral and aortic valves presented the typical changes 
of recurrent rheumatic valvulitis. In addition to an extremely rich 
vascularization of the aortic leaflet of the inflamed mitral valve, 
there were two other interesting findings. One was the presence in 
the endocardium of the left ventricle, about 0.5 cm. below the right 
anterior aortic cusp, of an oval slightly raised patch about 1.5 cm. 
in diameter and i to 2 mm. in thickness, consisting of soft, yellowish 
gray tissue with a finely striated surface. It was well demarcated 
from the surrounding endocardium by a serrated margin. There 
was a similar plaque, 0.5 cm. in diameter, on the ventricular surface 
of the aortic leaflet of the mitral valve about 8 mm. below the junc- 
tion of the posterior and left anterior aortic cusps. The other in- 
teresting finding was the presence of several transverse ridges in the 
thickened endocardium of the dilated and hypertrophied left auricle. 

Aorta: The aorta (Fig. i) on its intimal surface about 0.5 cm. 
above the commissural junction of the posterior and right anterior 
cusps presented a well demarcated oval plaque about i by 0.7 cm. 
in size and raised about i mm. Grossly it involved only the intima. 
The surface had a pale brownish yellow color, and in the central 
portion well defined longitudinal furrows were seen. About 0.5 cm. 
above the commissure between the posterior and left anterior cusp 
was a similar plaque about 7 mm. in diameter presenting an irregu- 
lar, markedly injected, shallow central depression. A third plaque 
of this nature, 4 mm. in diameter, about 0.5 cm. above the margin 
of the left anterior sinus of Valsalva, was removed for microscopic 
study. There were a few simple atheromata of the intima in the 
ascending and lower abdominal portions of the aorta, extending for 
a short distance into the common iliacs. The other large arteries 
and the coronary arteries were grossly normal. 

Microscopical Findings 

Left Auricle: In a section taken just above the mitral valve the 
endocardium is markedly thickened. Just beneath the endothelium 
is an accumulation of fibrin. Beneath this the tissue is infiltrated 
with numerous round cells and elongated, deeply basophilic connec- 
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live tissue cells containing spindle-shaped nuclei, and arranged in 
horizontal orientation to the surface. Sections through the thickened 
ridges noted in the gross show a marked cellular infiltration. In 
part this consists of lymphocytes and peculiar comma-shaped cells 
arranged in places in a vertical orientation to the surface on either 
side of bands of swollen collagen fibers. In the depths of the endo- 
cardium is a diffuse infiltration with polymorphonuclear leukocytes 
and l3nnphocytes, continuous with a similar exudate in the subjacent 
myocardium, in places following the course of blood vessels. The 
myocardium itself shows a moderate hypertrophy of the muscle 
fibers and a diffuse fibrosis, chiefly perivascular. In this connective 
tissue are seen a few round cells and an occasional “Aschoff cell.” 

Left V eniride: The endocardium is thickened and infiltrated with 
numerous round cells and epithelioid cells with basophilic cytoplasm 
and large vesicular nuclei. These appear very much like “Aschoff 
cells.” Other sections through the ventricular wall show an organiz- 
ing exudate in the thickened pericardium with accumulations of 
round cells, leukocytes, and fibroblasts, some with basophilic cyto- 
plasm and large vesicular nuclei. In the myocardium are perivascu- 
lar accumulations of lymphocytes, plasma cells and occasional poly- 
morphonuclear leukocytes and large “Aschoff cells.” 

Pulmonary Artery: (musculo-arterial junction). The artery itself 
shows no lesions of the wall, but at the myocardial junction there 
are perivascular accumulations of round cells, polymorphonuclear 
leukocytes and “Aschoff cells.” 

Coronary Artery: A section shows only a low-grade atheromatosis. 

Aorta 

A section through the plaque (Figs. 2, 3, 5, 6) shows a striking 
picture. There is a loss of the lining endothelium and the intima 
is replaced by a broad layer of fibrin. Beneath this layer is a zone of 
connective tissue rich in large dilated capillaries and containing nu- 
merous cells arranged for the most part with their long axes per- 
pendicular to the surface, in places grouped about capillaries. They 
are large, irregular, spindle-shaped, connective tissue cells and in 
one area invade the fibrin zone, penetrating to the free surface of 
the intima. The greater portion of the exudate in its outer third 
contains numerous small pyknotic distorted nuclei, the exact nature 
of which cannot be determined. Some are elongated and arranged 
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vertical to the surface. At the periphery of the plaque the fibroblasts 
have reached the surface of the exudate forming a closely packed 
layer in which the long axes of the cells are arranged parallel to the 
surface. In addition there are in this area a number of peculiar 
irregular, elongated, spindle-shaped cells with large, irregular, oval, 
sometimes slightly lobulated, vesicular nuclei, some of which 
show pale basophilic spherules as well as occasionally a prominent 
nucleolus. The cytoplasm is deeply basophilic and indistinctly 
granular. In some sections through the organized portions of the 
exudate there are deep and irregular narrow endothelial-lined clefts 
communicating with the lumen of the aorta. The intima of the 
adjacent aorta where no fibrin exudate is present is very cellular, 
containing numerous closely packed cells of the type just described. 
These cells were seen also in the pericardial organization tissue de- 
scribed above, and we have seen identical cells in the granulation 
tissue of a non-rheumatic organizing fibrinous pericarditis. Although 
they sometimes approximate the “Aschoff cells” in appearance they 
are most probably actively proliferating fibroblasts. A few lympho- 
cytes and an occasional polymorphonuclear leukocyte are also seen. 
No plasma cells or giant epithelioid cells of Aschoff are present. With 
Weigert’s elastic tissue stain it is seen that the fibrin exudate is 
almost entirely within the limits of the internal elastic membrane, 
which is fragmented and frayed out. 

Media: In the inner portion of the media and at the site of the 
granulation tissue, the elastic fibers show extensive distortion, de- 
struction, fragmentation and fraying. The nutrient vessels pene- 
trate the outer third of the media and in an area corresponding 
to the extent of the intimal exudate they are surrounded by 
peculiarly radiating cells lying in a pale ground substance. These 
cells (Fig. 4) seem to sweep downward in the form of a fan toward 
the intimal surface and are most numerous along the wide flare of 
the “fan.” The cells, although somewhat irregular in size, are uni- 
formly spindle-shaped with dark staining large oval nuclei and 
deeply basophilic cytoplasm. There is an occasional polymorpho- 
nuclear leukocyte. The ground substance of the fan-like areas con- 
sists of a delicate, fibrillar, very pale staining connective tissue con- 
taining several small capillaries in addition to the main nutrient 
vessel. The elastic tissue in these areas shows extensive destruction, 
fragmentation, clumping, and frajdng. A most striking feature is 
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that these fan-like areas are present only about the nutrient vessels 
corresponding to the area of intimal exudation. The remaining 
nutrient arteries show smaller areas of cellular infiltration with 
round cells, a few proliferating fibroblasts and leukocytes, and 
several groups of two or three round and oval wandering cells with 
homogeneously dark staining round nuclei and deeply basophilic 
non-granular cytoplasm. 

Adventitia: Throughout the adventitia, frequently perivascular, 
are numerous small cellular infiltrations made up chiefly of lympho- 
cytes, a few large wandering cells and an occasional Aschofi giant 
cell. The scattered, large, wandering cells have oval dark staining 
nuclei and show extreme variations in shape, many having long 
protoplasmic processes. Several have distinctly granular cytoplasm 
not unlike that of mast cells. 

Thoracic and Abdominal Aorta: Sections from the thoracic and 
abdominal portions of the aorta show the characteristic imld peri- 
vascular infiltrations limited to the adventitia which have been 
described by Pappenheimer and VonGlahn.'* They are made up 
chiefly of round cells, but there are also present a few plasma cells 
and in places a few leukocytes and an occasional mast cell. In several 
instances these infiltrations surroimd large multinucleated cells, 
typical of Aschoff giant cells. 

Smaller Arteries: The smaller arteries in various portions of the 
body also show evidence of involvement. In one of the mesenteric 
arteries in an area just beneath the endothelimn there are seen round 
cells and a few distorted cells with elongated nuclei, whose identity 
cannot be established. In the surrounding fat is an extensive infil- 
tration of round cells and polymorphonuclear leukocytes. A few 
plasma cells are present, but no definite “Aschoff cells.” Similar 
infiltrations are seen in the fat surrounding the small vessels 
throughout the section. In the hilum of the spleen about some of 
the small arteries there are small accumulations of round cells and 
an occasional leukocyte but no “Aschoff cells.” In the section of 
kidney adjacent to the wall of a vein there is an accumulation of 
round cells and an occasional plasma cell. In the perisuprarenal fat 
adjacent to the small vessels are seen accumulations of leukocytes 
and several epithelioid and multinucleated giant cells, whose cyto- 
plasm, however, takes only a faintly basophilic tint with the Pappen- 
heim stain. No acute fibrinous lesions of the wall such as described 
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by Pappenheimer and VonGlahn ® were noted. Pappenheim stains 
of sections of the aorta as well as the other organs failed to reveal 
the presence of bacteria. 

Case 2. Clinical History: No. 04369, A. L., female, aged 16 years, admitted 
to Montefiore Hospital on Nov. 18, 1920, -with the complaint of dyspepsia, pre- 
cordial distress, weakness, and pains in the joints for a period of about fourteen 
years. These symptoms began following an attack of scarlet fever at the age 
of three, and had since then recurred at irregular intervals. On examination the 
patient was moderately anemic and presented the physical signs of mitral and 
aortic stenosis and insufiSciency with cardiac hj’pertrophy. The liver and spleen 
were palpable. There was no edema or ascites. During her stay in the hospital 
she developed an acute exacerbation of her rheumatic infection with cardiac 
involvement following an attack of tonsillitis. She recovered, however, and re- 
mained ambulatory and in fairly good condition for four months before exitus. 
She died suddenly during sleep, ten months after admission. 

The autopsy (No. 3473) was performed twenty-eight hours postmortem by 
Dr. D. P. Seecof. 

The anatomical findings in brief were: recurrent rheumatic en- 
docarditis, mitral and aortic valves, left ventricle; mitral stenosis 
and insufficiency; aortic stenosis and insufficiency; rheumatic myo- 
carditis; rheumatic aortitis; chronic adhesive pericarditis; healed 
mural thrombus, right auricle; chronic passive congestion of 
viscera. 

Heart: The heart was markedly enlarged, the pericardial cavity 
obliterated by thin sheet-like fibrous adhesions. On section was 
found an advanced, in part calcified, in part ulcerated, rheumatic 
involvement of the mitral and aortic valves, as well as slight thick- 
ening of the pulmonic and tricuspid leaflets. The left auricle and 
ventricle were hypertrophied and dilated, the left ventricular wall 
measuring 20 mm. The musculature contained numerous pearly 
white scars. In the region of the interventricular septum, immedi- 
ately below the aortic ring, the intima of the left ventricle was the 
site of an irregularly thickened, fibrous, flattened elevation, 2 cm. 
in diameter and i to 2 mm. in thickness. 

Aorta: In the ascending portion of the aorta was an irregular, 
large, brownish yellow, flattened plaque similar in appearance to 
the one described in the left ventricle. 

Microscopical Findings 

Heart: The heart shows numerous perivascular scars which in 
places are infiltrated with round cells and multinucleated cells of 
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the Aschoff type. The muscle fibers are hypertrophied. At the 
site of the endocardial plaques in the left ventricle the endocardium 
is thickened and contains sparsely cellular, partly hyalinized, edem- 
atous connective tissue, in which no characteristic elements can 
be discerned. 


Aorta 

Immediately beneath the endothelium, the intima and adjacent 
inner portion of the media are irregularly thickened (Fig. 7) forming 
a prominent elevation which presents deep endothelial-hned clefts 
communicating with the lumen of the aorta. Just beneath the 
endothelium at the peripheral margin of the plaque are numerous 
spindle-shaped cells arranged parallel to the surface and having the 
appearance of connective tissue cells. In addition, there is a moder- 
ate number of round and oval cells with round and oval, homogene- 
ously dark staining nuclei and strongly basophilic cytoplasm, as well 
as an occasional leukocyte. In the intima, limited by the internal 
elastic membrane, there is a peculiar pale staining, finely fibrillar 
tissue containing a few scattered capillaries and diffusely infiltrated 
with a moderate number of lymphocytes and many fibroblasts, some 
having more or less basophilic cytoplasm. The fibrillar material 
stains as fibrin with Mallory’s phosphotungstic acid hematoxylin. 

Media: In the portion of media comprising the deeper layers of 
the plaque are seen diffusely scattered connective tissue cells lying 
in small lacunae in a stroma of swollen fibrillar tissue, which in places 
is highly vascular. Just external to the area of greatest vasculariza- 
tion is a very dense infiltration with irregular, closely packed, oval 
and spindle-shaped connective tissue cells, some with basophilic 
cytoplasm, the long axes of which are arranged perpendicular to 
the intimal surface. Among these are scattered several large cells 
with intensely basophilic staining cytoplasm and multiple or lobu- 
lated dark staining and vesicular nuclei, “Aschoff cells.” A few 
round cells with dark staining homogeneous nuclei and basophilic 
cytoplasm are present but no definite plasma cells. In the region 
of these dense cellular infiltrations the Pappenheim stain reveals 
numerous small particles of basophilic staining material. The 
elastic tissue of the internal elastic membrane is in places thinned 
out and fragmented. The elastic tissue of the media which is in- 
cluded in the plaque, particularly where the latter is thickest, is 
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extensively fragmented, frayed and distorted. There is a very 
striking loss of muscular elements in the remainder of the media at 
the site of the plaque. The nutrient vessels penetrate as deeply as 
the middle of the media and are accompanied by small perivascular 
accumulations of lymphocytes, occasional leukocytes, plasma cells 
and a scattering of mast cells. A few of the latter have nuclei char- 
acteristic of those of the plasma cells. In this outer, vascularized 
portion of the media are seen striking destructive changes in the 
elastic tissue in addition to a disappearance of the muscle fibers over 
a large area corresponding to the site of the intimal plaque. 

Adventitia: The adventitia is highly vascular; the connective 
tissue is increased and has an edematous appearance. About many 
of the capillaries there are fairly dense cellular accumulations, con- 
sisting chiefly of lymphocytes and plasma cells. A few of the latter 
show transition forms to plasma mast cells. There are also a few 
“Aschoff cells” among these infiltrations. 

Sections of the remaining organs show evidences of marked 
chronic passive congestion. 


Discussion 

In a consideration of the various types of lesions described in the 
aorta on. rheumatic fever, three groups may be distinguished: 

1. Involvement of the adventitia alone, with perivascular infil- 
tration and the formation of Aschoff bodies (Fig. 4). 

2. Involvement of the adventitia and the media. The lesion at the 
latter site may be in the form of ia) an acute, cellular, perivascular 
infiltration in the outer third with destructive changes in the media 
immediately around the vessels (Fig. 6) ; or (&) perivascular scars 
of longer standing at this site, the consequent interference with the 
blood supply resulting in a patchy loss of muscle cells in the remain- 
der of the media (Fig. 4). 

3. Involvement of all three layers of the aorta with either (a) an 
acute process, as in Case i, in the form of a fibrinous intimal exudate 
accompanied by cellular infiltrations about the nutrient vessels in 
the outer third of the media with perivascular destructive change 
in this region; or (h) a lesion of longer standing as in Case 2, 
consisting of an organized intimal plaque accompanied by charac- 
teristic infiltrations about the nutrient vessels, with extensive mus- 
cular atrophy throughout the corresponding portions of the media. 
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In view of the strict gradation which can be discerned among these 
various types of lesions, we are inclined to believe that they rep- 
resent rheumatic infections of the aorta by way of the vasa vasorum, 
the variations in the picture depending upon the severity of the in- 
fection and the chronicity of the lesion. We do not think that the 
intimal lesion is to be considered as a direct infection from the in- 
timal surface. 


Summary 

Two instances of macroscopic involvement of the aorta in recur- 
rent rheumatic fever are described. A striking feature, which we 
believe has not been previously described, is the presence in one of 
the cases of an acute fibrinous lesion of the intima. In brief, the 
characteristics of the lesion are: 

1. Aschoff bodies in the adventitia. 

2. Perivascular (in the acute stage, fan-like) infiltrations in the 
outer third of the media, with destruction of elastic tissue and 
muscle elements. 

3. Recent and organized fibrinous plaques in the intima, the con- 
nective tissue cells comprising the vascular organization tissue hav- 
ing a characteristic vertical orientation at the base of the intimal 
lesions. 
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DESCRIPTION OF PLATES 


Plate 14 

Fig. I. Case i. Heart and aorta.. Showing two of the three aortic plaques. 

Fig.’s. Case i. Aorta. H and E. Showing low power view of intima and 
media. Marked fibrinous infiltration of intima and perivascular cellular 
medial infiltration, x 40. 






Plate 15 

Fig. 3, Case i. Aorta. H and E. Organized periphery of an intimal plaque 
showing characteristic endothelial-lined indentation, x 200. 

Fig. 4. Case 1. Aorta. H and E. Showing the fan-like medial infiltration. 
X 200. 







Plate i6 


Fig. s. Case i. Aorta. Sho\Ying the high fibrin content of the intimal plaque 
and the cellular elements of intima growing into the fibrin plaque, x 40. 

Fig. 6. Case I. Aorta. Weigcrt’s elastic tissue — Van Gicson. Extensive de- 
structive changes in elastic tissue, x 40. 

Fig. 7. Cases. Aorta. H and E. Showing the organized intimal plaque pre- 
senting intimal indentations and cellular infiltration at base of plaque. 
X 40- 



















TISSUE CHANGES ASSOCIATED WITH VITAMIN A DEFICIENCY 

IN THE RAT* 


M. DAWSON TYSON, M.D., AND ARTHUR H. SMITH, Ph.D. 

{Frofti the Department of Pathology and the Laboratory of Physiological Chemistry, Yale 
University School of Medicine, New Haven, Conn.) 

The conception of the vitamins as specific dietary requirements 
rests in part upon the uniformity and reproducibility of the effects 
resulting from a lack of these substances in the food. Not only are 
food intake and growth affected but other alterations in physiology 
and structure can be demonstrated. It was early pointed out by 
Osborne and Mendel (1913) ^ that when rats are given a simple 
ration, adequate except for vitamin A, there ultimately develops a 
type of eye disease which may be cured by incorporating butter fat 
in the food. This was long considered the principal lesion associated 
with this dietary deficiency. 

In a further study of the changes associated with vitamin A de- 
ficiency Mori (1922) ^ concluded that the principal lesion is an 
atrophy of the glandular epithelium and a loss of secretory power on 
the part of the lacrymal gland. He stated that the drying of the eye 
and the xerosis of the corneal epithelium (xerophthalmia) are en- 
tirely dependent upon the lack of glandular activity. This investi- 
gator also found cornification of the mucosa of the laiynx and trachea 
and of the ducts of the submaxillary, sublingual and parotid glands 
to be present. He said that if two per cent cod liver oil be added to 
the diet of rats with ophthalmia the conjunctival sac becomes mois- 
tened and the xerosis disappears. At the same time the lacrymal and 
salivary glands become normal histologically and show evidence of 
secretion. In contrast to the above are the papers reported by 
Yudkin and Lambert (1923).^’^ These authors concluded that the 
ocular manifestations of vitamin A deficiency are dependent upon 
the presence of a low-grade inflammatory process which commences 
in the nictitating membrane and palpebral conjunctiva, and spreads 
to the cornea, and that the keratinization of the comeal epithelium is 

* Received for publication September i, 1928. 
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secondary to the inflammatory process. Infection, according to 
them, plays an important role. Wason (1921)® concluded that the 
corneal changes are due to infection. She found no pathological 
changes other than those in the eye. 

Wolbach and Howe (1925)® have made an extensive study of the 
pathological changes throughout the body of the rat. They con- 
cluded that the primary change is in epithelium and comprises “the 
substitution of stratified keratinizing epithelium for normal epi- 
thelium in various parts of the respiratory tract, alimentary tract, 
eyes and the paraocular glands and the genito-urinary tract.” They 
did not state definitely in what order the above systems are involved, 
though in their experience the epithelium of the turbinate bones and 
of the submaxillary gland is always affected early. They mentioned 
the formation of large cysts in the accessory glands at the base of the 
tongue and described them as being lined by keratinizing epithelium. 
The cysts often attain a large size, suf&cient to interfere with swal- 
lowing. They did not say in what proportion of cases this lesion 
occurred, but they believe that the process of keratinization and 
cyst formation can take place in the absence of infection. The sub- 
maxiUary gland has received more attention from these authors and 
it is their opinion that changes in this structure precede those in the 
eye. They concluded that the lack of secretion of the glands through- 
out the body does not play a primary role in producing the meta- 
plasia; that infection also is a secondary manifestation; and that the 
lack of the single vitamin A factor is directly responsible for the 
metaplastic activity of the epithelium. 

It has been pointed out by Goldblatt and Benischek (1927)^ that 
the diets employed by Mori, and by Wolbach and Howe, were defi- 
cient in vitamins D and C as well as vitamin A. Goldblatt and 
Benischek, however, carried on experiments of their own and were 
able to reproduce the lesions described by the previous authors when 
vitamin A alone was lacking in the diet. They also noted the great 
frequency of abscesses at the base of the tongue in rats which were 
on a deficient diet and believed that the infectious process is “coin- 
cident with or subsequent to the epithelial metaplasia and is not 
responsible for the initiation of the changes.” No metaplastic 
changes were found by them in other structures when there was 
none in the sublingual glands and respiratory tract. Tongue lesions 
have also been noted by Sherman and Munsell (1925)® who found 
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them in seventy-six per cent of rats on a diet deficient in vitamin A. 
The antirachitic potency was not considered in their experimental 
diet. According to Osborne and Mendel (1917)®’ and Van Leersum 
(1928)“ there is a high incidence of urolithiasis in rats deprived of 
vitamin A. In Van Leersum’s experience accompanying infection of 
the kidney is uncommon. 

All workers thus far are in accord in finding epithelial metaplasia 
to be present in vitamin A deficiency. There is still some question 
about the role of infection in the early stages of the epithelial trans- 
formation. A satisfactory correlation of the appearance of xeroph- 
thalmia with the occurrence of lesions elsewhere in the body has not 
been made. The order in which the several parts of the body are 
affected has not been established, and the sequence of events, if the 
deficient diet is corrected, has not been adequately described. It is 
therefore of interest to investigate these phases of the question with 
a view to correlating the sequence of events with respect to the age 
and weight of the animal, the relation of xerophthalmia to the ap- 
pearance of other lesions in the body and the effect of correcting the 
deficient diet. 


Experimental Procedures 

Animals and Diet: White (albino) rats were used in this experi- 
ment. They were of the strain of the Connecticut Agricultural Ex- 
periment Station and were bred in the laboratory. The special diets 
were started as soon as the animals were at the age of 21 to 24 days. 
The rats were kept in individual wire cages which were supplied with 
false bottoms, thus preventing coprophagy. The cages and food 
cups were kept scrupulously clean and each cage was sterilized with 
steam once a week. 

Individuals from each litter were divided into four groups. Group I 
comprised animals which were to be observed early in the course of 
the' experiment. In Group II were those which were to be allowed 
to develop outspoken vitamin A deficiency or to die of the disease. 
The animals in Group III were to develop S3miptoms of vitamin A 
deficiency and were then to be placed on a corrected diet. Group IV 
comprised the positive control rats. All animals were weighed at 
least twice a week and sometimes every day. The food intake was 
determined every four days. 
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The diet consisted of the following: 


Extracted Casein * i8 per cent 

Cornstarch ; per cent 

Crisco 27 per cent 

Salt Mixture (Osborne and Mendel) 4 per cent 


The Crisco was melted and the other constituents thoroughly 
mixed with it. When allowed to cool the food was of a pasty con- 
sistency which prevented spilling. This mixture was given the rats 
ad libitum. Vitamin B was provided by giving 200 mg. daily of dried 
yeast which was placed in a separate dish. For vitamin D a quan- 
tity of dried yeast was irradiated under a mercury vapor lamp for 
one-half hour at a distance of one foot, Hess ('1927).^^ Two hundred 
milligrams of this were fed every day. Vitamin C was lacking in the 
diet but it has been shown by Parsons (1920),^® by Parsons and 
Hutton (1924),^'* and by Lepkovsky and Nelson (1924)^“ that the 
absence of this factor in the diet has no effect on the rat. The 
drinking water was distilled. In addition to this diet the animals in 
Group rV received 10 drops of cod liver oil (Squibb) each day. 

Histological Technique: All tissues were fixed in 10 per cent forma- 
lin and mounted in paraffin. Hematoxylin and eosin stains were 
made routinely and in addition Gram and connective tissue prepara- 
tions were used occasionally. 

The accessory salivary glands at the base of the tongue, the sub- 
maxillary gland, the trachea and bronchi and the renal pelvis were 
studied in all cases. The base of the tongue has received particular 
attention as the lesions occur more uniformly in this region, and be- 
cause of its size it is possible to make a more complete study of the 
tongue. Accordingly, five blocks of the tongue were mounted in 
■ each case, and from each of the blocks two to six microscopic 
sections were made. From the other areas one or two blocks were 
mounted. 

Results 

Clinical Course and Gross Findings: The animals on the deficient 
diet gained steadily for a time but always less rapidly than the con- 
trol rats in the same litter. Xerophthalmia appeared on an average 
when the rat had been on the diet forty days, though the extremes 

* 95 per cent alcohol for 2 hours; ether, 2 hours; ether, i hour. Dried in oven at 
105° C for 48 hours. 
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were twenty-seven and fifty days. The sequence of events in the 
development of xerophthalmia were: first, a slight swelling of the 
eyelids accompanied by photophobia (slit-like eyes) ; second, a clear 
discharge from the eyes which sometimes became blood- tinged; third, 
drying of the eyes, the lids becoming glued together and the eyeball 
appearing to sink into its socket. Occasionally comeal ulceration 
and hypopyon developed. Anterior staphyloma occurred in one 
case. 

The appearance of xerophthalmia in relation to weight loss was 
variable. Sometimes eye changes appeared before there was any 
loss of weight. Again, several grams of body weight would be lost 
before eye changes became manifest. Occasionally xerophthalmia 
appeared and the body weight continued to increase and reached a 
maximum level several days later. The most usual sequence was an 
increase in weight to a point where it remained stationary for two or 
three days, then, appearance of xerophthalmia and rapid decline in 
weight. In Group I the animals were sacrificed early in the course of 
the deficiency. Some were killed when a few grams of weight had 
been lost, others when weight had been lost and the very earliest eye 
changes were observed. Rat 12 was killed before any changes were 
observed and Rat 26 had had xerophthalmia for six days when it 
was sacrificed. At autopsy no gross lesions were noted in the ani- 
mals in this group. In Group II all the animals had varying degrees 
of xerophthalmia. All showed great emaciation and every rat had 
abscesses at the base of the tongue from which pus could be ex- 
pressed. The latter lesions probably cause pain on swallowing and 
may account for the terminal falling off of food intake as is suggested 
by Goldblatt and Benischek. The tongue and eye lesions were the 
only constant gross findings. The submaxillary gland was often 
atrophied and occasionally contained abscesses. Urinary calculi 
were found in some cases and where obstruction occurred pyone- 
phrosis was present. 

The animals in Group III were allowed to develop xerophthalmia, 
and after several days when the eye changes were outspoken and 
considerable weight had been lost, cod liver oil was given. Often the 
rats were so weak that the oil had to be given by dropper. As a rule 
the response to diet correction was rapid. The xerophthalmia disap- 
peared in from one to five days and the weight curve rose abruptly. 
Half the animals plaimed for this group could not be used as compli- 
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cations caused the death of the rat in spite of treatment. However, 
Rat 7 gained weight rapidly and was apparently well when autopsy 
revealed an extensive unilateral pyonephrosis. Rat i8 was allowed 
to develop xerophthalmia twice. The second time cod liver oil did 
not cure, as a pyonephrosis and perinephritic abscess were present. 
Following cod liver oil administration the rats were sacrificed at 
varying intervals. In the oldest cases no gross lesions were visible 
except in Rat 7. In those killed soon after cod liver oil was given, 
tongue lesions were present. 

When cod liver oil was provided from the start (Group IV) the 
animals gained weight rapidly, and showed no gross evidence of 
disease whatever even after as much as one hundred and forty-four 
days of the diet. 

Histological Findings: The earliest changes (Table I) are found in 
the salivary glands at the base of the tongue. These changes consist 
in dilatation of the main ducts with metaplasia of the duct epi- 
thelium to the squamous keratinizing type. Infection is always 
present even in the earliest detectable lesion and is often found in 
parts of the tongue where keratinization has not appeared. The in- 
fection is characterized by a polymorphonuclear leukocytic exudate 
and by necrosis of the acinar epithelium. 

The serous type of gland is always affected before the mucous type 
in the tongue, and advanced destruction of the former is always 
present before the latter shows definite abnormalities. The sub- 
maxillary gland is affected after the tongue has developed outspoken 
changes. In the submaxillary gland the same sequence of events is 
noted, namely, dilatation and epithelial metaplasia of the main ducts, 
accompanied by infection. In both the tongue and submaxillary 
glands it is frequently noted that only slight metaplastic changes are 
present while the glands are diffusely infiltrated with polymorpho- 
nuclear leukocytes. In every case the dilated ducts are filled with 
these cells. 

Changes in the trachea, bronchi and renal pelvis follow those in 
the tongue and submaxillary gland. Alterations in the trachea and 
bronchi are inconstant. The first change is an atrophy of the surface 
epithelium. This is followed by a dilatation of the ducts of the 
glands which are filled with polymorphonuclear leukocytes. Changes 
in the epithelium of the renal pelvis are sometimes observed before 
those in the respiratory tract. The earliest alterations consist of a 
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piling up of the epithelium and an infiltration of polymorphonuclear 
leukocytes in the subepithelial tissues. 

As the disease advances the ducts of the lingual glands dilate more 
and more, and the infection progresses so that in animals which die 
of vitamin A deficiency (Table II) the serous glands of the tongue 
are entirely destroyed by pressure and by infection, with the result 
that all that can be seen are large abscesses lined by squamous epi- 
thelium and filled with polymorphonuclear leukocytes, keratin and 
necrotic debris. In all advanced cases the epithelial lining of the 
abscesses is deficient at several points and the surrounding muscle is 
heavily infiltrated with polymorphonuclear leukocytes and shows 
extensive necrosis. Gram stains show the abscesses to contain large 
masses of bacteria in which Gram-positive cocci predominate. In 
these late cases the submaxillary gland is nearly always involved 
though occasionally no change other than atrophy is noted. The 
most frequent finding is large epithelium-lined spaces filled with 
pol3Tnorphonu clear leukocytes while the rest of the gland is diffusely 
infiltrated with the cells. It is a picture similar to that in the tongue. 
In a few instances the entire submaxillary gland is converted into an 
abscess. 

The late manifestations in the trachea and bronchi are not uniform 
as the changes vary all the way from simple atrophy to metaplasia 
of the surface epithelium and cyst formation in the glands with 
extensive infection of the surrounding tissue. The epithelium of the 
renal pelvis is always involved in the late cases. Here the epithelial 
layer is deeper, keratinization is marked and in some instances the 
entire renal pelvis is filled with keratin and leukocytes. In several 
cases calculi blocked the urinary outflow in either the bladder or 
ureter with the development of pyoureter and pyonephrosis. Two 
instances of perinephritic abscess developed following rupture of 
obstructed ureters. The tendency toward hyperplastic activity of 
the epithelium which has undergone transformation to the squamous 
type is noted by Wolbach and Howe (192 5).® This is sometimes very 
striking and occurs with particular frequency in the tongue and renal 
pelvis. In the tongue the circle of epithelium surrounding one of the 
abscesses may be very broad and the outer layers often contain 
mitotic figures. Occasionally long, finger-like epithelial processes 
extend into the surrounding tissue and with distortion due to infec- 
tion the picture may be one difficult to distinguish from malignancy. 
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In the renal pelvis the hyperplastic changes always overshadow the 
keratinization. The lining epithelium becomes piled up into a broad 
layer and columns or sheets of epithelial cells extend into the sub- 
epithelial tissue. 

After the administration of cod liver oil to rats which have de- 
veloped xerophthalmia (Table III) the healing process depends upon 
the extent of destruction of the particular portion by the infectious 


Table IV 

/ 

Group IV — Basal Diet + Cod Liver Oil from Beginning 


Number of rat 

Initial 

weight 

Maximum 

weight 

Final j 
weight j 

Days 
on diet 

Lesions 


gm. 

gm. 

gw. 

gm. 1 


24 

30 

144 

144 

47 

None 

22 

30 

no 

no 

49 

None 

19 

33 

152 

152 

49 

None 

9 

47 

166 

166 

SI 

None 

26 

30 

140 

140 

6s 

None 

I 

47 

212 

212 

73 

Bronchitis ; bronchopneumonia 

IS 

38 

152 

126 

100 

None 

5 

46 

170 

170 

106 

None 

1 

II 

40 

214 

200 

144 

None 


process. In the tongue there may be almost complete regeneration 
of the glandular epithelium with only a few scarred areas remaining. 
The submaxillary gland often shows no evidence of previous damage. 
The trachea and bronchi may appear perfectly normal though there 
is usually some fibrosis of the surrounding tissue. The epithelium 
of the renal pelvis has shown evidence of hyperplasia with kera- 
tinization and infection as long as ninety-one days after the animal 
has gained weight and is apparently well. The usual picture for as 
much as two weeks after correction of the diet is the persistence of 
infection and abnormal epithehum in the tongue and kidney and 
apparently normal epithelium in the trachea and bronchi. At this 
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stage there is usually extensive fibroblastic activity and round cell 
infiltration surrounding the tongue abscesses with evidence of epi- 
thelial regeneration in less severely affected portions of the gland. 
In one animal the only evidence of previous damage to the tongue 
is a collection of small round cells and endothelial leukocytes replac- 
ing part of one of the lobules of the lingual gland. 

The control animals (Table IV) were aU well nourished at the time 
of autopsy. The sections from one rat show slight bronchitis and 
bronchopneumonia. No other abnormal findings were observed in 
any of the rats in this group. 

The tissue changes in the various structures studied have been 
correlated with age and weight changes and are summarized in the 
four tables. 


Summary 

The principal changes associated with vitamin A deficiency in rats 
are a metaplasia of cuboidal or columnar epithelium in certain parts 
of the body, epithelial hyperplasia in various structures and in- 
fection. 

The metaplastic changes involve the following structures in order: 
the sublingual glands, the submaxillary glands, the epithelium of the 
renal pelvis and of the trachea and bronchi. The tongue is regularly 
involved before xerophthalmia appears. The serous type of sub- 
lingual gland is the first to be affected. The lesion in the tongue and 
submaxillary gland begins with a dilatation of the ducts and a meta- 
plasia of the lining epithelium accompanied by infection. In late 
cases the glandular tissue may be entirely destroyed by pressure 
from the dilated ducts and by necrosis due to infection. The sub- 
maxiUary gland is not involved as constantly as the tongue. The 
epithelium of the renal pelvis may be involved quite early. Meta- 
plasia and infection are always present in the advanced cases. Renal 
calculi are prone to occur and when obstruction to the urinary out- 
flow is present pyonephrosis develops which is sometimes followed by 
perinephritic abscess. Epithelial metaplasia of the trachea and 
bronchi is not common. The most usual flnding is an atrophy of the 
lining cells. 

Epithelial h3q)erplasia is striking in the tongue and renal pelvis. 
In the latter the hyperplasia overshadows the keratinizing process. 



VITAMIN A DEFICIENCY IN RAT 


69 


Infection is always present even in the earliest stages and in late 
cases dominates the picture. No metaplastic activity has been seen 
without an accompanying infection, but infection has been observed 
in parts where metaplasia is absent. 

If the results of the dietary deficiency are not too severe, xeroph- 
thalmia clears rapidly with the administration of cod liver oil and the 
weight curve rises abruptly. The extent of healing in the various 
organs depends largely upon the amount of destruction due to in- 
fection which is present. Following cod liver oil administration 
abnormal epithelium and chronic or acute infection persist in the 
tongue and renal pelvis when the rat is apparently healthy. 
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DESCRIPTION OF PLATES 


Plate 17 

Fig I. Rat 21. Serous portion of sublingual gland. Early lesion. Dilatation of 
ducts with metaplasia of the lining epithelium. Polymorphonuclear leuko- 
cytic exudate in ducts and adjacent glandular tissue, x 125. 

Fig. 2. Rat 6. Cross-section of tongue. Advanced lesion. Great dilatation of 
ducts with epithelial metaplasia. Exudate in ducts and surroimding muscle. 
Necrosis of muscle and supporting tissue. Hyperplasia of the surface epi- 
thelium. Drawing X 1150. 
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Plate iS 

Fig. 3. Rat 25. Hyperplasia of epithelium of renal pelvis. Exudate in epi- 
thelial layer and subepithelial tissues, x 125. 

Fig. 4. Rat 25. Abscess of tongue partly lined by metaplastic epithelium. 
Keratosis not marked. Extensive fibroblastic activity surrounding the 
abscess, x 65. 
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STUDIES ON COMPENSATORY HYPERTROPHY OF THE 
THYROID GLAND* 

Vm. A COMPARISON BETWEEN THE EFFECT OF ADMINISTRATION 

OF THYROXIN, THYROID AND ANTERIOR PITUITARY SUBSTANCE 
ON THE COMPENSATORY HYPERTROPHY OF THE THYROID 
GLAND IN THE GUINEA PIG 

Leo Loeb 

{From the Department of Pathology, Washington University School of Medicine, 

St. Louis, M 0.) 

In a previous investigation ^ we have shown that feeding of guinea 
pigs with thyroid tablets (Armour & Co.) prevents the compensa- 
tory hypertrophy of the thyroid gland. Subsequently in association 
with E. E. Kaplan ^ we found that feeding with anterior pituitary 
substance (Armour & Co.) acts in a similar manner to the thyroid 
substance; it also prevents compensatory hypertrophy. In the 
present investigation we wished (i) to confirm our previous results 
concerning the action of anterior pituitary substance, as this seemed 
desirable in view of the prevalent belief that feeding with this sub- 
stance exerts no definite action; (2) to compare with the effect of 
feeding thyroid tablets that following the administration of thy- 
roxin, it being at present a debated question whether or not thyroid 
substance contains active substances in addition to thyroxin; (3) to 
determine the relative potency of these various substances as far 
as their action on the compensatory hypertophy of the thyroid is 
concerned, 

I. The Effect of Feeding with Anterior Pituitary 

Substance 

In eleven guinea pigs one whole lobe and three-fourths of the 
second lobe of the thyroid gland were removed. Two days after the 
operation each animal received by mouth five grains of anterior 
pituitary substance in tablet form (Armour & Co.) and this dose 
was continued daily. Thirty to thirty-two days after operation the 
remaining parts of the gland were removed. The experiments were 
carried out during January and February. The initial weight of the 

* Received for publication August 17, 1928. 
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guinea pigs varied between 342 and 446 gm. In seven animals there 
was a considerable increase in weight during this period; in one ani- 
mal the weight remained approximately stationary and in three 
others the weight at the end of the experiment was not recorded. In 
order to render unnecessary detailed descriptions of our findings we 
shall make use of a system of grades which we introduced previously® 
for this purpose. In eight guinea pigs the grade indicating the hyper- 
trophy or lack of hypertrophy varied between 5 and 5.25, while in 
three additional guinea pigs the grade varied between 4.85 and 5. 
There was therefore no hypertrophy found in these glands, notwith- 
standing a decided increase in weight during the period of the experi- 
ment, in the majority of animals. However, feeding with anterior 
pituitary substance not only prevented hypertrophy from taking 
place, but in this group the acini were markedly below the average 
size, contained rather solid and slightly retracted colloid, epithelium 
somewhat below medium size and rather infrequent phagocytes 
which were usually small and unable to dissolve the hard coUoid. 
While these characteristics prevailed on the whole, there were found 
in some glands areas where the acini were somewhat larger and the 
acinus cells likewise higher, without, however, becoming definitely 
hypertrophic. In such acini, also, the colloid was at times somewhat 
less hard, adhering to the epithelium by means of threads between 
which vacuoles were included. Occasionally a larger number of 
phagocytes were found in the colloid of such acini. In some places 
an intermediate condition existed. 

In control animals in which also the greater part of the thyroid 
gland had been removed, but in which the pituitary extract was not 
administered, the size of the epithelial cells was higher on the aver- 
age, the colloid softer and the peripheral vacuolar zones or solution 
processes in the colloid were seen more frequently. The average size 
of the acini was likewise greater and the acini showed often an ir- 
regular outline in the controls, in contrast with the more regular out- 
line of the usually smaller acini in the glands of the guinea pigs fed 
with pituitary substance. Whereas in the glands of the latter ani- 
mals, mitoses, if they occurred at all, were very rare, they were ob- 
served much more frequently in the controls and the phagocytes 
were here on the average larger and more numerous. The breaking 
through of the walls of neighboring acini and the development of 
papillae were encountered more often in the controls although they 
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occurred also in the pituitary-fed guinea pigs. In addition there were 
some cases among the controls in which the hypertrophy was quite 
pronounced, whereas this did not occur in the pituitary group. In 
comparing thus the condition of the thyroid remnants of animals fed 
with pituitary substance and of controls, we must take into consider- 
ation the fact that in this series a majority of the control animals had 
lost weight, or at least had not gained in weight during the course of 
the experiment, while a majority of the guinea pigs in the pituitary 
group had gained in weight, and thus the real difference between the 
pituitary-fed and the control animals was greater than is indicated 
in these experiments. 

II. The Effect of Feeding Thyroid on Compensatory 
Hypertrophy of the Thyroid Gland 

Eight guinea pigs with an initial weight varying between 315 and 
352 gm. were used in this series. Beginning two days after total ex- 
tirpation of one lobe and three-fourths of the other lobe of the thy- 
roid gland, some of the animals were fed with two to four tablets 
(Armour & Co.) of i/io grain of thyroid substance; in others four 
tablets were administered during the first week or two, then the dose 
was reduced to two tablets. In one case six tablets were given during 
the first thirteen days, when the dose was reduced to three tablets. 
In general our aim was to administer thyroid substance in such a 
way that the guinea pigs gained in weight during the course of the 
experiment. In several guinea pigs therefore the administration was 
interrupted during the experiment for a few days in order to prevent 
a loss of weight. As a result of these precautions we succeeded in all 
the animals except one, which lost 25 gm., in obtaining a gain in 
weight during the course of the experiment which extended over a 
period of thirty to thirty-five days. 

Notwithstanding this gain in weight the remnants of the thyroid 
gland showed inactive gland tissue. The acini were mostly of small 
size and were hned with very flat, or low to medium epithelium. 
However, in some areas the acini were a little larger. The coUoid 
was usually solid and slightly retracted. Rarely there was a some- 
what softer coUoid adherent to the epithelium and a peripheral 
vacuolar zone was observed, or a greater retraction of the colloid 
had taken place indicating a more marked solution process. The 
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number of phagocytes contained in the colloid was on the whole very 
small, especially in acini lined with fiat epithelium; where the epi- 
thelium was of medium size the phagocytes were often slightly more 
numerous. Usually they did not succeed in digesting the hard col- 
loid but occasionally they seemed to cut out some balls of it. The 
grade characterizing such a condition of the thyroid gland lies some- 
where between $ and 6 , indicating a tendency to shrink on the part 
of the acini and of the epithelium and an increasing hardness of the 
colloid. 

In general this reduction in the size of the glandular elements and 
the corresponding increase in the hardness of the colloid was greater 
in the series fed with thyroid tablets than in those fed with anterior 
pituitary substance, notwithstanding the fact that the gain in 
weight was equally present in both series. It is, therefore, very 
probable that the administration of thyroid substance is more effec- 
tive than the anterior pituitary in preventing hypertrophy of the 
thyroid gland and in reducing its size and function, the former pro- 
ducing the structural signs of functional inactivity of the gland to a 
still higher degree than the former. 


III. The Effect of Administration of Thyroxin 

A group of eight guinea pigs were treated in the same way as the 
two former groups, except that instead of being fed with thyroid 
tablets they received by mouth tablets containing 1/320 of a grain 
each of thyroxin. In some cases four to six tablets were admin- 
istered in the beginning but after 9 to 12 days this dose was reduced 
to one-half this amount. In one animal as little as one tablet was 
given daily. In several guinea pigs the administration of thyroxin 
had to be interrupted for several days because this substance caused 
a loss of weight, the weight in the beginning of the experiment vary- 
ing between 321 and 409 gm.; only three of the animals gained 
in weight during the course of the experiment, while four remained 
about stationary, and one decreased considerably. The last-men- 
tioned guinea pig died twenty-four days after the removal of the 
greater part of the thyroid gland, and inasmuch as no remnants of 
the thyroid gland were found at the time of examination it had to be 
excluded in considering the results. There thus remained seven 
guinea pigs in none of which was any h3rpertrophy noted. In gen- 
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eral the condition of the remaining parts of the glands was similar to 
that seen after feeding of thyroid tablets; the average grade was also 
about the same in both cases ranging somewhere between 5 and 6. 
The small-sized acini predominated, but there were seen some acini 
of medium size. The height of the epithelial cells was usually low or 
it ranged between low and medium. The colloid was generally hard 
and slightly retracted but occasionally it was somewhat more re- 
tracted as a result of a certain degree of softening, or it adhered with 
threads to the epithelium and showed a vacuolar zone in the peri- 
phery. The number of the phagocytes was on the whole very small; 
only rarely some larger-sized phagocytes were seen in the colloid or 
occasionally even an acinus was filled with small phagocytes. Col- 
lections of lymphocytes were not seen in the stroma. 

We find then that thyroxin acts in the same way as thyroid sub- 
stance when fed to guinea pigs, both preventing h3^ertrophy and 
reducing the activity of the thyroid gland to about equal degrees. 

Discussion and Conclusions 

These investigations confirm our previous conclusions concerning 
the effect of feeding anterior pituitary gland substance (Armour & 
Co.) on the thyroid in guinea pigs; it prevents compensatory hyper- 
trophy of this organ and tends to produce in it a condition corre- 
sponding to a resting stage. In general it decreases the size of the 
acini and the acinus epithelimn becomes lower; it also causes a hard- 
ening of the colloid. In this respect, therefore, administration of 
anterior pituitary substance resembles in its action feeding with 
thyroid gland substance; however, it is not quite so effective as the 
latter. Feeding with anterior pituitary substance does not reduce 
the average size of the acini and of epithelial cells to the same extent 
as does thyroid substance. In the former instance there may stiU be 
found in various glands or in certain places in a single gland, a 
greater number of medium-sized acini and epithelial cells; the col- 
loid may at such points be a little softer, a greater size of acini and 
of epithelial cells being usually associated with a decreased hardness 
of coUoid. In accordance with the reduction in activity indicated by 
the structural changes resulting from administration of these two 
substances there is a diminution in the number of phagocytes found, 
and the phagocytes that do enter the colloid are usually small in 
size and do not succeed in causing a localized solution of the colloid; 



76 


LOEB 


furthermore, the collections of l3unphocytes which are occasionally- 
observed in controls and especially in the iodine-fed guinea pigs are 
absent in these thyroid glands, a further evidence of reduced gland 
activity. The solution of walls separating neighboring acini, al- 
though it does occur, is rare. 

We see then that feeding with anterior pituitary substance as well 
as with thyroid substance tends not only to prevent compensatory 
hypertrophy in the guinea pig, but also to reduce the acti-sdty of the 
gland below the level of that of a normal gland; in this respect, how- 
ever, thyroid substance is in all probability somewhat more effective. 
In addition, our experiments show that thyroxin very much resem- 
bles thyroid substance in its action, at least in the prevention of 
compensatory hypertrophy, as well as in the production of those 
structural changes which indicate functional inactivity. We may 
therefore conclude that it is the thyroid hormone itself and not an- 
other substance mixed with.it which exerts the typical effect on 
the thyroid gland. As to the ingredient in Armour’s preparation of 
anterior pituitary substance which exerts this effect similar to that 
of thyroxin, we are not in a position to make a definite statement, 
except that we know that it cannot be due to the admixture of in- 
organic iodine because the latter does not depress the acti-vity of 
the thyroid gland, but on the contrary stimulates it; but whether 
an organic iodine substance resembling thyroxin in its action is re- 
sponsible for this effect is a question that must be left open at the 
present time. 

We find thus certain structural features which are correlated and 
which form a complex indicative of thyroid inactivity. The main 
features of this condition are: (i) small size and regularity in shape 
of acini; (2) relative flatness of epithelium; (3) decrease in number 
of mitoses; (4) hardness of colloid; (5) diminution in number, size 
and activity of the phagocytes; (6) probable decrease in number of 
lymphocytes found in these glands. It is of interest to contrast -with 
this combination of features the condition produced by factors caus- 
ing a stimulation of the gland. Here we find, at least in certain 
areas; (i) larger than medium-sized and often irregular acini; (2) 
higher epithelium; (3) increase in number of mitoses; (4) softness of 
colloid; (5) increase in number, size and activity of phagocytes; (6) a 
probable increase in accumulation of lymphocytes and in number of 
spurs and papillae reaching -into the cavity of the acini. Compen- 
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satory hypertrophy and other types of hypertrophy lead to this 
latter condition; at least certain of these features are produced also 
by the administration of potassium iodide until such a time as 
secondary changes take place. 

The similarity in the action of thyroid hormone and of anterior 
pituitary substance which we thus find, is in harmony with some 
other facts which likewise point to a relationship between these two 
substances. It is known that removal of the thyroid gland sets in 
motion certain hypertrophic processes in the anterior lobe of the 
pituitary gland. Thyroid substance and thyroxin prevent compen- 
satory hypertrophy and change the structure of an active into that 
of an inactive gland by supplying that constituent, the lack of which 
sets into motion hypertrophic changes; and we must assume that the 
anterior pituitary also supplies a certain constituent which in some 
respects acts similarly to that given off by the thyroid gland, pre- 
venting compensatory hypertrophy and inducing structural changes 
which lead to cessation of gland functions. Thus both functional 
activity and structural features are coordinated in the effect of 
thyroid, anterior pituitary substance and thyroxin administration; 
after KI such a coordination also exists but in this case it produces 
results of an opposite character. 

It is interesting to refer briefly in this connection to the compara- 
tive effects of thyroid and anterior pituitary substance on the meta- 
morphosis of amphibian larvae. It is well known that feeding thy- 
roid substance accelerates this process. Now, Hogben ^ found that 
injection of anterior pituitary substance (Armour & Co.) also induces 
metamorphosis in the Mexican axolotol. Smith ® working with the 
Colorado axolotol likewise obtained positive results in feeding this 
preparation, but believed this effect to have been caused by an ad- 
mixture of thyroid gland to Armour’s anterior pituitary substance. 
However, Spaul ® as well as Uhlenhuth and Schwartzbach attrib- 
uted the metamorphosis induced by injection of anterior pituitary 
substance to the pituitary preparation as such; in particular Uhlen- 
huth and Schwartzbach could show that the metamorphosis in this 
case depends in all probability upon a stimulating effect which the 
injected material exerts on the thyroid gland. It is this marked stim- 
iflation of the thyroid gland in the axolotol which distinguishes 
sharply the effect of anterior pituitary in the axolotol and in the 
guinea pig; in the latter animal we have shown that this substance 
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causes a depression in the thyroid gland; therefore its action on the 
guinea pig is the reverse of the action in amphibia as observed by 
Uhlenhuth and Schwartzbach. The results obtained by the last- 
named authors concerning the stimulative effect of anterior pituitary 
substance on the thyroid gland are in agreement with some obser- 
vations of Allen.® We must therefore consider the possibility that 
the action of anterior pituitary substance on the thyroid gland in 
mammals and in amphibia may be different in kind, or that in 
both cases different constituents of the anterior pituitary glands 
are active. 


Summary 

1. The inhibiting effect of feeding anterior pituitary substance on 
compensatory h5qpertrophy of the thyroid gland previously foimd by 
Loeb and Kaplan is confirmed. 

2. Anterior pituitary substance, thyroid substance and thyroxin 
all produce similar effects, not only preventing compensatory hyper- 
trophy of the thyroid gland but also tending to produce changes in 
the gland that signify a resting condition. 

3. There probably exist quantitative differences between the ef- 
fectiveness of these substances, anterior pituitary extract being 
somewhat less effective than the others. 

4. This similarity in the effects of thyroid and anterior pituitary 
substances on the thyroid gland is in accordance with certain other 
similarities which have been found to exist between these substances, 
but is not in harmony with the action of anterior pituitary observed 
in larvae of Urodele amphibians. It is suggested that different 
substances may perhaps be responsible for the, effects exerted by 
administration of anterior pituitary substance under different 
conditions. 
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STUDIES ON COMPENSATORY HYPERTROPHY OF THE 
THYROID GLAND* 

IX. THE HSTFLUENCE OF VAEIATIONS IN SIZE OF THE REMAINING 
PART OF THE GLAND, IN MODE OF ADMINISTRATION AND IN 
QUANTITY OF POTASSIUM IODIDE ON THE HYPERTROPHY 
OF THE THYROID IN THE GUINEA PIG 

Leo Loeb 

{From the Department of Pathology, WaMngton University School of Medicine, 

St. Louis, Mo.) 


In former communications we have shown that in guinea pigs in 
which the greater part of the thyroid gland had been removed, so 
that only about one-third to one-fifth of one lobe was left, the feed- 
ing of potassium iodide during a period of four to five weeks follow- 
ing the operation not only did not prevent the establishment of com- 
pensatory hypertrophy in the remaining gland tissue but, on the 
contrary, tended to increase the number of cases in which hyper- 
trophy occurred and furthermore to intensify in general the degree 
of the hypertrophy.^’ ^ The view has been expressed by Marine ® 
that if as much as one-half of one lobe is left, instead of a smaller 
part, administration of potassium iodide prevents hypertrophy. 
In our new series, therefore, as much as one-half of one lobe of 
thyroid remained in the animal. In addition we thought it of in- 
terest to determine the effect of variations in the amount of KI given 
following the operation. For this purpose we administered the same 
quantities of this substance which subsequently Rabinovitch used 
in order to test the effect of variations in the dose of KI given on the 
intensity of mitotic ceU proliferation in the thyroid of the guinea 
pig. Rabinovitch found a definite relationship between the amount 
of iodine administered to the animals daily and the resulting cell 
multiplication. Furthermore, we wished to determine whether in- 
traperitoneal injection of KI has the same effect as feeding of this 
substance by mouth. 

We carried out two series of experiments; in both the examination 
took place usually thirty to thirty-two days following the operation, 
except in a few experiments of the second series in which it occurred 

* Received for publication October 26, 1928. 
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as early as twenty days following extirpation of the gland. In the 
first series, carried out in the spring of 1926, the iodide was fed by 
mouth, whereas in the second series, carried out in the early part of 
1928, intraperitoneal injections were given daily to the guinea pigs. 
In both series some of the animals received o.oi, others 0.05 and a 
third group as much as o.i gm. KI daily, beginning one or two days 
following the operation. In addition there was in each series a con- 
trol group of guinea pigs which were treated in the same way as the 
other animals except that KI was not administered following the 
extirpation of the gland. In describing the results obtained we shall 
make use of the system of grades introduced by us in a former 
paper.^ In doing so we must, however, take cognizance of the 
fact that the iodide induces certain changes in the gland tissue of the 
hypertrophying gland which are not different in principle, but which 
differ from those taking place in the controls as far as their intensity 
is concerned. Prominent among these changes is a tendency to a 
more rapid and complete softening and liquefaction of the colloid in 
the iodized guinea pigs. Furthermore, there is in many acini a delay 
in absorption of this liquefied material and thus subsequently a dis- 
tension of the acini associated with secondary pressure effects may 
take place in the gland. In estimating the relative degree of com- 
pensatory hypertrophy in the iodized and control guinea pigs, we 
must take this factor into consideration. 

Series I. KI Fed to Guinea Pigs in Form of Pills 

Control Animals: Ten guinea pigs were used as controls; their 
initial weight varied between 413 and 540 gm., with one exception in 
which the weight was 325 gm. The grades of hypertrophy were: 
4.50; 3.80; 4.90; 4.25; 4.90; 5.50; 3.85; 4.40; 5.0. One of the animals 
died prematurely; it had the grade 5.0. The average degree of 
hypertrophy was therefore relatively low, 4.70. We have thus far 
found two variable factors which influence the degree of hypertrophy 
in guinea pigs in which an equal amount of thyroid gland has been 
removed: namely, (i) the season of the year in which the experiment 
is carried out — during the summer months the hypertrophy is on the 
average less than during the rest of the year; (2) a gain in weight 
during the course of the experiment; animals which gain have a 
higher average of h3q)ertrophy than those which do not gain weight. 
There are probably still other factors involved which need further 
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analysis. In this case the failure of the animals to gain weight dur- 
ing the experiment seems largely to account for the low degree of 
hypertrophy obtained. Of the ten animals, only three were heavier 
at the end of the experiment than in the beginning and two of these 
showed the highest grades; one, which gained only a few grams, is 
included in the stationary class, comprising three guinea pigs. Five 
animals showed a decided loss of weight during the experiment; 
they showed very little or no hypertrophy. As we shall see later the 
hypertrophy was much more pronounced in the control animals of 
the second series, which showed a much greater gain in weight during 
the experiment than the animals of the first series. 

Guinea Pigs Fed with o.oi gin. KI Daily: Eight guinea pigs were 
used in this group. The average grade of hypertrophy was 4.0, and 
the individual grades were 4.o;3.5o;4.5o;4.25;4.5o;3.5o;4.5o;3.25. 
The degree of h3^ertrophy is therefore decidedly higher here than in 
the controls. We cannot attribute the differences in h)^er trophy 
found in this series entirely to the KI action, inasmuch as in this 
group six guinea pigs showed a moderate gain in weight, amounting 
on the average to about 20 to 40 gm. while of the two remaining 
animals one lost weight and the second remained about stationary. 
However, the structural features of KI feeding were clearly present 
in these animals and we may attribute, in part at least, their in- 
crease in hypertrophy over that of the controls to the administra- 
tion of KI. 

Guinea Pigs Fed with 0.05 gm. KI Daily: Nine guinea pigs, the 
initial weight of which ranged between 470 and 538 gm., were used 
in this group. AU of these animals, except two, gained in weight 
during the course of the experiment. In the two which lost weight 
the hypertrophy was very slight, the grades being 4.90 and 4.50 
respectively; in the others the grades were as follows: 4.0; 3.0; 3.0; 
3.25; 4.0; 3.25; 4.75. The average grade in this group was 3.85. 
Again the hypertrophy was distinctly higher than in the controls 
and even than in the preceding group of iodized animals. 

Guinea Pigs Fed with o.i gm. KI Daily: Eight guinea pigs, with 
an initial weight varying between 450 and 560 gm. served for these 
experiments. Three of these animals lost weight; the remaining 
five showed a stationary weight or a very slight gain. The average 
grade in this group was 4.55; the grades of the animals which lost 
weight were on the average lower than those of the others. 
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There is reason for assuming that the low degree of hypertrophy 
in this group is at least partly due to the unfavorable weight bal- 
ance in these guinea pigs; but it is also possible that such a large 
dose of KI, corresponding approximately to a daily dose of 12 to 
15 gm. of this substance in an adult man, has either, in some unknown 
way, an injurious effect upon the organism, or that it causes an 
excess thyroxin formation leading to a loss in weight and indirectly 
diminishing the activity of the thyroid gland, thus causing the 
diminution in hypertrophy observed. 

However, when in this group h3^ertrophy is present the character- 
istic features of the latter do not differ from those usually observed, 
but on the average less hypertrophy occurred. The acini were 
smaller and the colloid more solid; yet the phagocytes were increased 
in number even in places in which only a trace of hypertrophy could 
be found, although they were not increased where hypertrophy was 
completely lacking. As a result of the increased solution processes 
in the colloid, pressure effects and occasional perforations of the 
walls separating adjoining acini, due to increased pressure, were 
observed. Here again the solution of the colloid took place by means 
of an agent, presumably of an enz)anatic nature, acting diffusely as 
well as by means of phagocytes acting locally. 

Series II. KI Injected Intraperitoneally 

In this series the same quantities of KI, which in the first series 
were fed to guinea pigs, were injected intraperitoneally. 

Control Animals: The initial weight in this group varied between 
305 and 405 gm. except in two guinea pigs in which it was somewhat 
lower. Two animals examined after twenty days showed definite 
hypertrophy with the grades 3.0 and 3.20 and with structural 
changes characteristic of compensatory hypertrophy; both of these 
guinea pigs gained 40 to 50 gm. in weight during the course of the 
experiment. 

Four guinea pigs were examined after thirty days, but one of 
these must be excluded from the list because it showed, evidently as 
the result of a local infection, infiltration of the gland tissue and the 
surrounding capsule with many polymorphonuclear leucocytes and 
with lymphocytes. The colloid in this case was largely liquefied and 
therefore increased in volume; thus pressure was exerted on the 
walls of the acini, but notwithstanding these effects there were still 
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many mitoses as well as other signs of hypertrophy observed. The 
grades of the 'two other guinea pigs, that had gained considerably in 
weight, were 2.80 and 3.75, whereas in an animal with almost sta- 
tionary weight the hypertrophy was almost lacking, the grade being 

4.75- 

We may refer here to three additional control experiments carried 
out recently in which only one-third of one lobe had been left behind, 
and in which the examination took place thirty days following opera- 
tion. The initial weight of these animals was between 400 and 500 
gm. and they gained considerably in weight during the course of the 
experiment. They showed moderate degrees of hypertrophy, their 
grades varying between 3.50 and 3.90. While, as usual, the changes 
in these gland remnants were in principle similar to those observed 
in the iodized guinea pigs, still the typical quantitative differences, 
to which we have referred, were again noticeable; in particular, the 
marked variegation, characteristic of the KI animals, was here lack- 
ing and the colloid showed, on the whole, much less pronounced 
solution processes, although in individual acini the same conditions 
could be found as in the iodized guinea pigs. 

Guinea Pigs Injected Daily with o.oi gin. KI: The initial weight 
of the four animals in this group, two of which were examined after 
twenty days and two after thirty days, varied between 333 and 
438 gm. Three of these guinea pigs gained in weight and only one, 
examined after thirty days, remained stationary. AU the animals 
showed distinctly h3q3ertrophic thyroid remnants; after twenty days 
the grades were 3.40 and 3.50 and after thirty days the grade was 
3.0 in both animals. Lack of gain in weight thus did not prevent 
hypertrophy. The effects of iodine were typical in the thyroid rem- 
nants of these animals: they consisted of softening and solution of 
colloid, hypertrophy of epithelium with secondary flattening as the 
result of pressure, perforation of walls (except in a case where the 
connective tissue between the acini was increased and thus pre- 
vented perforation) and in general there was found the character- 
istic variegated appearance of the thyroid gland. It is of interest to 
note that these conditions were present after twenty, as well as after 
thirty days. 

Gdnea Pigs Injected Daily with 0.05 gm. KI: Of the four animals 
used in this group, two were examined after twenty, and two after 
thirty days; the initial weight of these guinea pigs varied between 
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308 and 420 gm. and all of them gained in weight during the course 
of the experiment. The gland remnants showed in each case distinct 
hypertrophy, the grades after twenty days being approximately 
2.75 and after thirty days, 2.0 and 2.75. 

The histological picture was characteristic of KI administration, 
after twenty, as well as after thirty days following operation. One 
case in particular, examined after thirty days, showed a very pro- 
nounced hypertrophy in that the whole center of the gland renmant 
had been converted into a system of irregular slits lined with very 
hypertrophic epithelium; the greater part of the colloid had been 
absorbed in these acini. 

Guinea Pigs Injected Daily with o.i gm. KI: Of the four animals in 
this group, in two the examination took place after twenty days and 
in the other two after thirty and thirty-one days, respectively, fol- 
lowing operation. The initial weight in these guinea pigs varied 
between 320 and 435 gm. In the animal examined after twenty 
days, which had lost in weight, the grade was 4.90, indicating that 
there was at best only a trace of hypertrophy. In the second guinea 
pig, which had remained stationary in weight, the grade was 3.90. 
The epithelium was hypertrophic; the colloid slightly softened and 
adherent to the epithelium with long threads. There were some 
groups of acini with pale colloid and hypertrophic epithelium, and 
on the other hand, some peripheral non-hyper trophic acini with 
hard colloid. In some acini the colloid had been eaten up by phag- 
ocytes. In the animal examined after thirty-one days, the weight 
had remained stationary and the grade was 3.50, while in the third 
guinea pig, with an increase in weight after thirty days, the grade 
was 4.0. These animals gained on the average less in weight than 
the others in this series, and correspondingly the average of hyper- 
trophy was less. However, in the individual cases there was no defi- 
nite parallelism between change in weight and degree of h3^ertrophy. 

It is of special interest that even so large a dose as o.i gm. KI 
given daily does not necessarily prevent h3Tpertrophy. It is possible 
that the very large dose is less favorable to the development of com- 
pensatory hypertrophy than the smaller doses; under similar condi- 
tions we found in the preceding series, in which KI was fed to the 
guinea pigs instead of being injected, the h3rpertrophy was less 
marked than in the animals receiving o.oi and 0.05 gm. KI daily. 
Again the possibility exists that in these animals an excess of thy- 
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roxin was produced which counteracted to some extent the produc- 
tion of hypertrophy. However, the number of our experiments is as 
yet too small to allow a definite conclusion in this respect. 

The structural characteristics in these gland remnants were 
similar to those found in the other groups of iodized guinea pigs, 
except that the proportion of acini which were smaller, with fewer 
phagocytes, a relatively lower epithelium and a harder colloid, was 
greater in this group. 

If we compare the average degrees of hypertrophy in the control 
and iodized animals of the second series, we find the following figures: 
in control guinea pigs, 3.50; in guinea pigs injected with o.oi or 0.05 
gm. KI, 2.90; in guinea pigs injected with o.i gm. KI, 4.0. 

The average degree of hypertrophy is, therefore, somewhat higher 
in the animals injected with o.oi and 0.05 gm. KI daily than in the 
control animals, whereas a daily injection of o.i gm. KI was less 
favorable for the development of hypertrophy, although it did not 
prevent it. 

Summary and Conclusions 

I. Our new investigations concerning the action of KI in com- 
pensatory h3^ertrophy of the thyroid gland in the guinea pig con- 
firm our previous conclusions, that administration of KI does not 
prevent hypertrophy, but that, on the contrary, the average degree 
of h}^ertrophy may be even higher in the animals to which as large 
a dose as 0.05 gm. KI has been administered daily than in the con- 
trols. In estimating the intensity of hypertrophy we must, however, 
take into consideration two facts which complicate the comparative 
rating of hypertrophy in iodized and control animals, (i) The change 
in weight of the animals during the course of hypertrophy is one of 
the variable factors which may affect the intensity of hypertrophy, 
and (2) secondary pressure effects, especially in iodized animals, 
may obscure the hypertrophic changes which had been previously 
established. Furthermore, removal of a great part of the thyroid 
gland as such acts as a stimulus to the gland, and the administration 
of iodine acting in this case as a superimposed stimulus, may be less 
effective than the administration of iodine to normal guinea pigs. 
Yet, notwithstanding these complicating factors, a consideration of 
all our series combined, in which iodine was administered to guinea 
pigs during the course of compensatory hypertrophy, makes it at 
least very probable that iodine itensifies rather than diminishes com- 
pensatory hypertrophy. 
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2. Our conclusions concerning the effects of iodine on compensa- 
tory hypertrophy hold good whether we leave behind only one-third 
to one-fifth of one lobe of thyroid gland as was done in our previous 
experiments, or one-half of one lobe as in our present experiments. 
Furthermore, we found that the effects are in principle the same, 
whether the iodine is fed by mouth or injected intraperitoneally. 

3. An increase of the daily dose of KI to o.i gm. per day, corre- 
sponding to about 13 to 15 gm. of this substance in an adult person, 
although it did not prevent the establishment of compensatory 
h3^ertrophy, tended in our two series of experiments to diminish its 
intensity. Whether this result was due to a greater average loss in 
weight, produced through a non-specific action of so large an amount 
of KI in these animals, or whether conversely the loss of weight was 
due to an excess activity of the thyroid remnant called forth by so 
large a dose of KI, and an inhibiting effect of thyroxin, thus formed, 
on compensatory hypertrophy, must be left undecided at the present 
time. 

4. The greater variegation in the structure of groups of acini in 
the KI fed animals, as compared with the controls, makes it in many 
cases possible to distinguish the compensatory hypertrophy of the 
thyroid gland, as it is found in the former, from the corresponding 
condition in the latter group of animals. 
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DESCRIPTION OF PLATE 
Plate 19 

Fig. I and Fig. 2 are from Guinea Pig 945, male, weight 308 gm.; lobes of 
thyroid were extirpated on April 12, 1928; following the operation daily 
intraperitoneal injections of 0.05 gm. KI were given. Remaining part of 
thyroid taken out thirty days later, May 12, 1928; weight of guinea pig 
365 gm. 

Fig. I shows a part from the center of the remnant; there is marked hyper- 
trophy of the acinus ceUs; the colloid is much diminished or lacking alto- 
gether. A number of the acini have been converted into slits. A mitosis is 
seen near the upper margin of the picture. X 300. 

Fig. 2 shows a higher magnification of another part of the same piece. The 
colloid has entirely disappeared; the acinus cells are high. A mitosis is seen 
in the center of the picture. In the periphery of this piece the acini were 
much larger and distended by colloid which was in process of liquefaction. 
X 580. 














THE EFFECT OF UNDERFEE£>ING ON THE PROLIFERATIVE 
ACTIVITY OF THE THYROID GLAND IN THE GUINEA PIG* 

Jacob RABraoviTCH 

{From the Department of Pathology^ Washington University School of Medicine, 

St. Louis, Mo.) 


In previous experiments Loeb ^ has observed that the degree of 
compensatory hypertrophy in the thyroid glands of guinea pigs is 
influenced by the changes in weight which the animals undergo dur- 
ing the period following partial removal of the glands. On the aver- 
age the hj^ertophy was more marked in guinea pigs showing an in- 
crease in weight as compared with those in which the weight re- 
mained stationary or decreased, although in individual cases a loss 
in weight did not necessarily prevent hypertrophy. The change in 
weight constituted thus one of the variable factors which determined 
the growth processes in the thyroid gland. In accordance with these 
observations I found subsequently that the proliferation which 
occurs in the thyroid gland of normal guinea pigs under the influence 
of potassium iodide is on the average greater in animals which gain 
in weight during the course of the experiment than in those in which 
a decrease in weight takes place. These findings, together with other 
observations previously made in this laboratory^ concerning the 
effect of undernourishment on the growth of the ovarian follicle and 
of the epidermis (to be published later), suggested the following in- 
vestigation into the influence of undernourishment on the prolifer- 
ative activity of the normal thyroid gland in guinea pigs. In regard 
to previous observations concerning the effect of inanition on the 
thyroid gland we may refer to the work of Jackson,®' ^ and of Mor- 
gulis ® in which the literature is fully discussed. Jackson made a very 
careful study of the thyroid gland in rats. In his experiments the 
period of underfeeding was much longer than in our investigations; 
he observed therefore much further advanced stages, especially 
marked degenerative processes. These are lacking in the guinea pigs 
studied by us. Furthermore our investigations differ from earlier 
ones inasmuch as we carried out a quantitative comparison of the 

* Received for publication August 17, 1928. 
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proliferative activity in the underfed animals with the proliferative 
activity in the normal thyroid gland. 

For this study twelve male guinea pigs of approximately the same 
weight were selected; five of them were underfed during the summer 
season, seven others were similarly treated during the winter months. 
This arrangement was considered advisable in order to obviate the 


Table I 

Underfed Guinea Pigs 


No. of 
guinea pig 

Original 

weight 

Final 

weight 

Loss of 
weight 
in grams 

Per cent 
of loss 
of weight 

Number of 
days during 
which under- 
feedihg took 
place 

Mitoses 

904 

36s 

248 

II7 

32 

II 

0 

903 

380 

27s 

lOS 

27.6 

II 

0 

902 

395 

280 

IIS 

29.1 

II 

120 

90s 

400 

290 

no 

27 -S 

II 

0 

400 

380 

29s 

8s 

22.4 

10 

0 

401 

390 

27s 

IIS 

29 -S 

10 

0 

402 

40s 

290 

IIS 

28.4 

10 

0 

403 

380 

300 

80 

21. 

10 

0 

460 

42s 

310 

IIS 

27. 

9 

0 

461 

410 

32s 

8s 

20.7 

9 

0 

462 

39 S 

29s 

100 

25.3 

9 

1 ^ 

463 

405 

300 

105 

25-9 

9 

0 


influence of possible seasonal variations that might take place in 
thyroid activity. The underfeeding extended over a period of nine 
to eleven days; during this time the animals received the usual kind 
of food consisting of green vegetables and grain, but the quantity of 
food given each guinea pig was diminished in such a way that the 
animals subjected to this ration lost between 20 and 32 per cent of 
their original body weight. When this was accomplished the guinea 
pigs were killed with chloroform, the thyroids were at once removed 
and fixed and subsequently cut into complete serial sections. The 
number of mitoses in the entire gland were then estimated by means 
of the method described by us in a previous communication, accord- 
ing to which mitotic counts were made every tenth section. 

The results we obtained may be briefly summarized as follows : the 
most stnking feature in these experiments was the almost complete 
cessation of cell proliferation in practically every case (see Table I). 
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We thus found that out of the twelve underfed guinea pigs eleven 
failed to show any mitoses at all in the thyroid gland. In the one 
remaining animal we found the number of mitoses in the entire thy- 
roid to be 120, which number is slightly below the average (see 
Table II). 

We may therefore conclude that diminution in the amount of food 
intake has a very marked depressive effect on the proliferative activ- 


Table II 
Controls 


No. of 
guinea pig 

Original 

weight 

Final 

weight 

Gain of 
weight 
in grams 

Per cent 
of gain 
of weight 

Number of 
days during 
which gain 
in weight 
took place 

Mitoses 

259 

— 

38s 

17 

4.6 

10 

150 

265 


348 

30 

9.4 

10 

440 

337 


525 

55 

II.7 

10 

264 

342 


570 

75 

IS-I 

10 

170 


Average of mitoses 256 


ity of the thyroid epithelium, as evidenced by the absence of mitoses 
in the gland in almost aU the animals examined. 

As to the mechanism concerned in this process we may assume 
that the withdrawal of food from the animals lowers their metabo- 
lism in general as well as the metabolism of the thyroid gland, and 
in consequence of this effect the acinus cells cease to divide. The 
gland then enters a resting stage in which aU activities come to a 
standstill. 

The morphological character of the gland under these conditions 
confirms the conclusion that as a result of underfeeding its function 
is much diminished. In such a gland we find the acini reduced in 
size. These small acini are closely crowded together and thus the 
whole gland appears very cellular. The epithelium lining the acini 
is generally cuboidal and whereas in certain places it is flattened out, 
in other places it may be somewhat higher. The nuclei usually stain 
deeply with hematoxylin and appear granular. The colloid is very 
hard and fills the entire lumen of the acinus; the slight retraction of 
the colloid from the acinus cells which is usually found in a normal 
gland is lacking. Vacuole formation in the periphery of the colloid. 
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or other signs of liquefaction and absorption of the colloid is not 
usually observed in these glands. Furthermore, phagocytic activity 
which is so marked a feature in animals fed with KI, and which 
occurs likewise, although to a less extent in normal thyroids,® is prac- 
tically absent in the colloid filling the acini of underfed guinea pigs. 
The structural condition of the gland corresponds therefore to that 
of a resting, not actively functioning gland. 

In the light of these experimental findings we may conclude that 
the structural and proliferative conditions in the thyroid are influ- 
enced by the general body metabolism. Secondarily, the changes 
that take place in this gland must influence the metabolic energy. 
It is known that an increased thyroid activity is usually followed by 
an increased metabolism, and a decreased thyroid activity by a 
decreased metabolism. We now find that a diminished metabolism 
decreases the activity of the thyroid gland so that it approaches a 
resting stage. Under these conditions it is reasonable to assume 
that the reduction in general metabolism which occurs in case of 
general undemutrition is in part due to, or at least is intensified by 
the changes which take place in the thyroid gland as a result of 
underfeeding. 


Summary 

1. An experimental study was made to determine the effects of 
underfeeding on the thyroid activity in guinea pigs. 

2. When young guinea pigs following underfeeding extending 
over a period of ten to eleven days lose from 20 to 32 per cent of their 
body weight, the acinar epithelium of the thyroid gland ceases to 
proliferate, as is evidenced by the entire absence of mitoses; the col- 
loid becomes very solid and the acini small. The thyroid assumes 
therefore the appearance of a resting, not actively functioning gland. 
We may assume that this change in the character of the thyroid 
gland must still further reduce the general metabolism. 
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THE EFFECT OF INTRAPERITONEAL INJECTION OF POTASSIUM 
IODIDE ON THE PROLIFERATIVE ACTIVITY OF THE THYROID 
GLAND IN GUINEA PIGS * 

Jacob Rabinovitch 

{From the Department of Pathology, Washington University School of Medicine, 

St. Louis, 


In a previous communication ^ we have shown that the feeding of 
potassium iodide to normal guinea pigs for a period of two to three 
weeks results in a very pronounced increase in the mitotic prolifera- 
tion of the thyroid epithelium, an increase which was even greater 
than that previously observed by Gray and Loeb.^ Furthermore, we 
determined that there is a definite relation between the amount of 
KI fed and the increase in proliferative activity. Previously Loeb ® 
had shown that feeding of KI to guinea pigs in which the greater 
part of the thyroid gland had been removed did not prevent com- 
pensatory hypertrophy, but on the average tended to increase the 
latter. Marine ^ on the other hand, maintains that the intraperi- 
toneal injection of KI to guinea pigs previously subjected to partial 
thyroidectomy prevents the onset of compensatory hypertrophy. 
Since Marine did not feed KI to his guinea pigs but made use of 
intraperitoneal injections, it was thought possible that the differences 
in the results obtained by Marine and other investigators were 
due perhaps to the different methods of administration of iodide; we 
thought it therefore advisable to carry out another series of experi- 
ments in which, instead of feeding potassium iodide we injected it 
intraperitoneally. It was conceivable that the more rapid absorp- 
tion of KI which takes place if the latter method is used might pro- 
duce certain quantitative changes in the results obtained, and this 
possibility added to the interest of the experiment. 

Outline of Experiments 

In this investigation four sets of guinea pigs were selected three of 
which were injected intraperitoneally with varying quantities of 

* Received for publication August 17, 1928. 
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potassium iodide for different periods of time, while the fourth 
served as a control group. In the first set each animal received 
o.oi gm. KI, in the second set 0.05 gm. KI, and in the third set 
o.i gm. KI, daily. The fourth set did not receive any potassium 
iodide. The potassium iodide to be injected was in each case dis- 
solved in 0.5 cc. of sterile distilled water. This course of treatment 
was continued for periods of ten, fifteen, twenty and thirty days; 
at the end of each of these periods the thyroids were removed and 
studied in the manner described by us in our previous paper.^ The 
weight of the guinea pigs used in these experiments varied between 
350 and 500 gm. 

Counts of Mitoses 

Control Animals: The number of mitoses in the thyroid glands of 
the control animals varied between 136 and 280, the average being 
212. 

Animals Receiving Intraperitoneal Injections of KI for Ten Days: 
Animals that received intraperitoneal injections of KI for a period 
of ten days showed a considerable increase in the number of mitoses. 
In accordance with our previous findings this increase was greater, 
the greater the dose of KI administered. We thus found that the 
animal which received 0.0 1 gm. KI had 1050 mitoses, the one receiv- 
ing 0.05 gm. KI, 2370 mitoses, while the guinea pig receiving o.i gm. 
had 4620 mitoses in the thyroid gland. 

It is apparent from these figures that the intraperitoneal injection 
of KI for a period of ten days causes a marked proliferation of the 
thyroid epithelium, and furthermore that the larger the dose of 
iodide injected the more intense is the resulting mitotic cell prolifer- 
ation. In our previous experiments in which the iodide had been 
given by mouth, the stimulating action of KI during the first ten 
days was very slight and it was not until the fifteenth or twentieth 
day that the marked stimulating influence of the substance was ob- 
served. It appears therefore that the route by which iodide is ad- 
ministered plays an important role in the rapidity with which the 
effects of this substance on the thyroid gland become noticeable, and 
that intraperitoneal injection acts more expeditiously than feeding 
by mouth. The more rapid absorption of the iodide when injected 
intraperitoneally is probably responsible for the effect at an earlier 
period. 
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Animals Injected with KI for a Period of Fifteen Days: In this 
group the number of mitoses in animals receiving o.oi, 0.05, and 
o.i gm. KI was 1040, 2828 and 2150 respectively. The counts were 
about the same as those obtained after ten days in the animals re- 
ceiving O.OI gm. KI; it was slightly increased after fifteen days in 
the one receiving 0.05 gm. KI, and was decidedly decreased in the 
last one receiving o.i gm. KI. 

As compared with corresponding guinea pigs examined after ten 
days we may conclude that on the whole after fifteen days of KI in- 
jection the mitotic proliferation is still much increased over that 
found in the controls, but that it does not exceed the intensity found 
after ten days; it may even be somewhat lower. It may be suggested 
as probable that during the first ten days of the injection with KI 
the animal becomes more or less saturated with the substance and 
that in case of continued injection the response of the gland to the 
stimulating effects of the iodide becomes less. 

Animals Injected with KI for a Period of Twenty Days: When the 
injection of KI is continued for twenty days there results a marked 
reduction in cell proliferation as compared with that of the shorter 
periods of iodide administration. The mitotic count however, is still 
higher than that found in the control group. Thus in animals re- 
ceiving O.OI, 0.05, and 0.1 gm. KI the number of mitoses was 350, 
470 and 840 respectively. In this period the response of the thyroid 
to the stimulating substance has become less. 

Animals Injected with KI for a Period of Thirty Days: The num- 
ber of mitoses in this group of cases was 520, 1120, and 1360 in ani- 
mals receiving o.oi, o 05 and 0.1 gm. KI respectively. We see then 
that there is stiff an increase in mitotic activity at this time over that 
noted in the control animals, and this increase is even somewhat 
greater than in the preceding period of twenty days. However, the 
difference between the counts found at twenty and thirty days is 
relatively small and further investigation must show whether it is a 
chance phenomenon, perhaps connected with the somewhat greater 
increase in weight of the animals of this group. 

At present we can merely draw the conclusion that in animals in- 
jected intraperitoneally with KI for thirty days there is stiff an in- 
creased mitotic activity of the gland, whereas in our former investi- 
gations we have found that in guinea pigs fed vath this substance 
for the same period of time all proliferation has ceased. Whether 
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this difference is due to differences in the mode of administration of 
KI used in these two series, or whether it is due to some secondary 
factor likewise needs further investigation. For a comparison of the 
number of mitoses found in the controls and in the injected animals 
at the various periods of time we refer to the table inserted below. 


Table of Mitoses* 


Time 
in days 

Control 

o.oi gm. KI 

0.0s gm. KI 

0.1 gm. KI 

ro 

264 (55+) 

1050 ( 35 +) 

2370 (20+) 

4620 (2—) 

IS 

170 ( 75 +) 

1040 (130+) 

2828 (100+) 

2150 (s+) 

20 

136 (140+) 

3 S 0 (98+) 

470 (so+) 

840 (s+) 

3 ° 

280 (245+) 

520 (11S+) 

1120 (130+) 

1360 (38+) 

Averages 

212 

740 

1697 

2242 


• The figures in brackets indicate the gain or loss in body weight. + = gain in weight; — = loss in 
weight. 


Discussion 

The question now arises as to the cause of the difference in effects 
on the thyroid of the oral administration of KI and of the intraperi- 
toneal injection. The ready absorption of the iodide from the peri- 
toneal cavity and its consequent earlier withdrawal from the blood 
by the thyroid might lead to a more rapid accumulation of this sub- 
stance in the gland, the stimulation of the gland tissue resulting 
therefrom; also such a stimulation if continued for fifteen, twenty or 
thirty days, becomes less effective and the thyroid therefore reacts 
more sluggishly; thus the excessive proliferative activity is dimin- 
ished. 

The changes in proliferative activity of the thyroid gland of guinea 
pigs under the influence of intraperitoneal injection of potassium 
iodide, are represented in the curves of the attached chart in which 
in each case the number of days during which injections were given 
is the abscissa and the number of mitoses, the ordinate. If we com- 
pare this chart with the one in our preceding paper representing the 
variations in proliferative activity in the thyroid gland caused by 
oral administration of potassium iodide, we find some interesting 
differences. After feeding this substance the curves were relatively 
low during the first ten days but rose abruptly at fifteen days, reach- 
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ing the peak at the end of the twentieth day and falling again to 
normal, or even to subnormal levels at the end of the thirtieth day. 
After intraperitoneal injection of the iodide, the curves rise very 



Chart I 

much earlier and reach the peak at the end of the tenth day. From 
then on until the fifteenth day they either fall, hold their own, or 
show a slight rise. They all dechne abruptly between the fifteenth 
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and twentieth day without however reaching the base line, and they 
remain still somewhat elevated after thirty days. There has even 
been a very slight rise between the twentieth and thirtieth day which 
may however be without significance. 

In this series of experiments we find on the whole within the range 
of our experimental variations, that the increase in proliferative 
activity is the greater the larger the quantity of potassium iodide 
given. Only at fifteen days the proliferation is slightly less in the 
guinea pig receiving o.i gm. daily than in the guinea pig receiving 
0.05 gm. of KI. We must however take into consideration the fact 
that the animals injected with the largest doses of KI did not gain 
in weight except the ones examined at thirty days when a slight gain 
was noticed, whereas the guinea pigs injected with the smaller doses 
all gained in weight. The daily intraperitoneal injection of as much 
as O.I gm. of KI into a guinea pig may influence the weight in this 
way by leading to an excess mobilization of thyroxin or by some 
other as yet undetermined process. 

Stnictural Changes in Acini, Epilhelium and Colloid: In the con- 
trol series the acini are on the average of small or medium size lined 
with cuboidal epithelium and filled with solid colloid. We also find 
a moderate number of phagocytes in the colloid of some of the vari- 
ous acini. The microscopic appearance of the thyroid in animals in- 
jected with potassium iodide does not differ to any appreciable de- 
gree from that noted in the controls; the alveoli in the former are on 
the average of medium size, although they occasionally appear some- 
what larger. The epithelium is cuboidal or columnar and the coUoid 
is still solid but not to the same extent as in the control group. In the 
thyroid of animals injected with KI softening processes in the col- 
loid are more marked, and correspondingly the number of phagocytes 
in the colloid is on the average greater than in the controls. How- 
ever the watery, pale coUoid that we noted in our previous experi- 
ments after thirty days of feeding of potassium iodide is entirely 
lacking in the injected guinea pigs. We also fail to find here the 
flattening of the lining epithelium and the consequent fusion and 
coalescence of neighboring adni which we noted at this period after 
oral administration of iodide. 
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Summary 

1. The intraperitoneal injection of KI for a period of ten days 
causes a very rapid increase in proliferation of the thyroid epithe- 
lium, as evidenced by the great increase in the number of mitoses 
observed at this time. Between the tenth and fifteenth day the 
proliferative activity remains about equally high, except in the 
animal receiving the largest dose of KI where a decrease was noticed; 
it is considerably lower after twenty and thirty days of injection, but 

. is still increased as compared with the number of mitoses found in 
the control animals. 

2. In case of intraperitoneal injection of potassium iodide the 
average increase in proliferative activity in the thyroid gland is the 
greater the larger the amount of KI administered, within the range 
of the doses used by us. The curves representing the changes in 
proliferative activity of these animals, show, therefore, a character- 
istic difference from that representing the corresponding changes in 
guinea pigs fed vdth potassium iodide. These differences are due to 
differences in the rapidity of absorption and in the gradients of con- 
centration of KI established between the blood and the thyroid 
gland and the organs through which elimination occurs. 

3. The structural appearance of the thyroid of animals injected 
with KI does not differ very markedly from that of the controls. 
However, occasionally a slight softening of the colloid and a more 
active phagocytosis may be found in the injected animals. 
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LYMPHOEPITHELIOMA * 

James Emtog, M.D. 

(From the Pathological Laboratory of the Memorial Hospital, New York, N. F.) 

Lymphoepithelioma is a term employed by Regaud ^ and by 
Schmincke ^ in 1921 to designate certain tumors of mucous surfaces 
of the nasopharynx, which exhibit a- specific structure and run a 
somewhat peculiar clinical course. Radiosensitivity was the main 
feature which led the observers to recognize in the tumors a peculiar 
clinical and pathological type. 

The tumors occur at all ages, but are especially frequent between 
30 and 60 years. They produce rather small local growths which are 
soft, slow to ulcerate, do not bleed much, and are therefore often 
overlooked and nearly always difficult to detect. The first s)maptom 
is often an enlargement of the cervical lymph nodes, multiple or 
bilateral, which may attain considerable dimensions before the 
primary tumor is detected. Distant metastases occur in the bones 
and in the liver, so that the course is usually fatal, although pro- 
longed. The duration is generally about three years. The marked 
subsidence of the tumors under external radiation led the observers 
to conclude that the tumors were essentially different from the 
ordinary epidermoid carcinoma. 

Support for this belief was obtained from the work of JoUy ^ and 
MoUier,^ who have maintained that certain lymphoid structures in 
mucous membranes are covered with stratified epithelium which has 
a peculiar physiological relation to lymphocytes. Over Peyer’s 
patches and the faucial and lingual tonsils, the epithelial layer is 
altered by the normal infiltration of lymphocytes. In the thymus 
the entire reticulum is of epithelial origio. The epithelial layer is 
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generally thickened at the points where the lymphoid infiltration 
occurs. Intermediate grades of epithelial plication and lymphoid 
infiltration are observed in the bursa of Fabricius of birds, and in 
the pharyngeal tonsils. Hence Jolly designated these organs as 
lymphoepithelial. 

In the human tumors derived from these organs the epithelial 
cells fail to assume squamous characters but remain undifferentiated, 
of rather large size, often forming syncytia, and are always accom- 
panied by growth of lymphocytes. They may thus be difficult to 
distinguish from lymphosarcoma, but as a rule the epithelial ele- 
ments are easily recognized as sheets of large flat cells. 

The conception of lymphoepithelial organs, however, appears to 
be much older than Jolly’s studies, 1914. Between 1886 and 1906 an 
active debate was carried on by Stohr,® and others, and by Retterer,® 
the former holding that the lining epithelium of the tonsils is con- 
fined to the surface of the organ, while Retterer maintained that 
much of the reticulum of the tonsils is of epithelial nature and similar 
to the reticulum of the thymus. Jurisch ^ reviewed this subject at 
length. Retterer believed that in the tonsils and other superficial 
lymphoid structures there was the same intimate relation between 
epithelial reticulum and lymphocytes as in the thymus. At present, 
the evidence is against the participation of epithelium in the reticu- 
lar structure of any lymphoid organ except the thymus, but it re- 
mains somewhat obscure why the thymus is the only lymphoid organ 
to enjoy this peculiar relation. It is also of interest to note that 
some tumors of the thymus present the most characteristic features 
of lymphoepithelioma. 

The peculiar structural characters of certain epidermoid carcino- 
mas of the nasopharynx have been noted by several observers, in- 
cluding Crowe and Baylor,® and New,® who reported several cases 
of this type and mentioned their resemblance to lymphosarcoma 
and the difficulty of finding the primary tumor. At the Memorial 
Hospital a group of radiosensitive nasopharyngeal tumors has long' 
been recognized as peculiar in structure and as highly radiosensitive, 
and a series of such cases was reported by Quick and Cutler imder 
the term “ transitional ceU epidermoid carcinoma.” This term was 
used because the grounds for assuming an origin from specialized 
epithelium as described by Regaud were regarded as not yet fuUy 
established. Their tumors arose from the tonsil, base of tongue and 
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nasopharynx, where stratified epithelium of transitional cell type 
is present. 

A full exposition of lymphoepithelioma is furnished by Jovin/^ who 
reports eight cases and discusses the theory of origin, the structure, 
and the clinical features. In his cases the tumor cells grew in wide 
sheets which were infiltrated with many l5miphocytes (Figs. 3, 4, 
5). The looser structure (Fig. 6), described by Schmincke and other 
observers, was not encountered. Six of the cases died from recur- 
rences and usually with extensive metastases to the bones, but there 
were no autopsies. Two cases recovered after external radiation. 

In Schmincke’s cases the masses of epithelial cells were very loose 
and broken up by very rich admixture of lymphocytes, so that the 
structure resembled lymphosarcoma. Schmincke considered the 
question whether the tumors were not of mixed origin involving 
both epithelium and l3anphocytes. 

Derigs reports a typical case arising in the pharyngeal wall of 
a subject of 15 years, with extensive metastases to bones, lungs and 
liver. The structure was very loose, the syncytial masses being 
broken up by many lymphocytes. She considered that the tumor 
process resided in the epithelium which, in all the metastases ex- 
erted a chemotactic attraction for lymphocytes. 

Discussion 

In a study of epithelial tumors of the tonsils and nasopharynx, the 
writer has been confronted with several questions which have con- 
siderable practical importance and the elucidation of which may 
have a bearing on the question of lymphoepithelioma. 

I. Radiosensitivity is not an exclusive feature of lymphoepi- 
thelioma or of any one type of epidermoid carcinoma of the naso- 
pharynx. Highly anaplastic carcinomas of tongue, tonsil and nares, 
which grow rapidly and metastasize widely, may melt down under 
moderate radiation. Very malignant tumors of this nature are also 
encountered in the uterus, esophagus, and phar3mx. They produce 
relatively small primary growths, the metastases are very early and 
widespread, the cells are small, often rounded, resembling lympho- 
sarcoma, and the response to radiation is very notable. In the group 
of cervical uterine growths. Cutler found a high proportion of three- 
year cures by radiation. It is possible that these tumors may be 
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distinguished from lymphoepithelioma by their more rapid course 
and by the absence of lymphocytes in the tumor tissue, but not by 
a difference in radiosensitivity. 

2. Radiosensitivity may depend on embryonal qualities of the 
cells of origin, and the question arises whether any of the tumors of 
the nasopharynx arise from embryonal cells. The evidence in favor 
of this view is not very definite, but there is a weU known group of 
tumors which may be called adenoid cystic epithelioma, which 
Krompecher classed with the basal cell group and which arise 
from the mucous glands of the nasopharynx. These may possibly 
be regarded as of embryonal type. They grow slowly and usually 
produce bulky tumors, but the metastases are late. They are mod- 
erately radiosensitive. The cells are small and appear in sheets in- 
closing mucous globules or larger cysts containing mucus. A re- 
semblance to thyroid tissue is sometimes mentioned. They frequently 
recur after operation so that the eventual prognosis is serious. We 
have observed two such cases which recurred persistently after 
operation and radiation and eventually proved fatal, eleven and 
thirteen years after onset, and with very numerous metastases 
throughout the lungs and bone marrow. I think the metastases 
resulted from the extensive development of dilated veins about the 
tumor nodules into which the tumor cells forced a way. There is 
little difficulty in separating these growths from other types of 
epidermoid carcinoma and especially from lymphoepithelioma. 

3. In the study of nasal carcinoma we have gradually reached the 
conclusion that the majority of them arise from the ordinary transi- 
tional epithelium which lines the Schneiderian membrane and the 
pharyngeal crypts and sinuses. This view appears to have been 
adopted by many observers, and the characters of Schneiderian 
carcinoma are well known. They are very cellular, growing at 
times diffusely, almost like l3rmphosarcoma, and the epithelial 
qualities of the cells are not prominent, or are entirely absent. The 
growth does not appear to be accompanied by inffitration of lymph- 
ocytes. There are doubtless many grades of malignancy with corre- 
sponding variations in the rate of growth but most of the tumors 
are recognized early because of ulceration and bleeding, and they 
progress steadily and often rapidly. It has often been noted that 
lymphatic metastases in this group are generally late. 

4. The ducts of mucous glands at the base of the tongue and 
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throughout the pharyngeal wall are a possible source of transitional 
cell carcinoma, and there is considerable evidence that some tumors 
arise from this source. At the base of the tongue they may grow 
for some months before reaching the surface. Lymphatic metastases 
may therefore occur before the primary tumor is recognized, and 
in this respect they resemble lymphoepithelioma. In the metastases, 
epidermoid characters are usually distinct, but the growth may be 
very diffuse and it has proved impossible in our hands to distinguish 
some of these growths from the descriptions of l3Tnphoepithelioma. 
The participation of l)unphocytes in the primary or secondary 
tumors has not been observed; but bulky metastases in the liver 
or lungs have been a notable feature. 

The radiosensitivity of Schneiderian and transitional cell carci- 
noma is very marked. The local growths may often be controlled 
by external radiation, but the outlook is unfavorable because of 
the metastases. 

5. Carcinoma of the nasopharynx frequently occurs in young 
subjects between the ages of 10 and 20 years. The structure of these 
tumors resembles that of transitional cell carcinoma or lympho- 
epithelioma. The tumors grow slowly, but they eventually reveal 
their presence by nasal obstruction and bleeding. In many cases, 
however, the first sign of the disease is the swelling of cervical lymph 
nodes, but on account of the early age of the patients tuberculosis 
is usually suspected. In one case bulky metastases occurred in the 
liver, this organ being almostly completely replaced by tumor 
tissue (Figs. 7, 8). 

The tumor ceUs are generally small, the nuclei relatively large 
and very hyperchromatic, and the cells form sheets or cords with 
comparatively little stroma reaction. I have seldom observed any 
definite admixture of lymphocytes. The distant metastases may 
be explained by the rich development of blood channels, some of 
which may be lined by tumor cells in immediate contact with the 
circulating blood. 

The radiosensitivity is high, and after heavy external treatment 
considerable sloughing may occur. The outcome of many cases is 
unfavorable. I have been unable to trace the exact origin of the 
growths, but find that they occur at almost any point in the nasal 
passages or upper pharyngeal wall. It seems impossible to separate 
them from lymphoepithelioma or Schneiderian carcinoma. 
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6. In certain nasopharyngeal carcinomas one finds quite different 
structures in different parts of the same tumor, so that its classifi- 
cation becomes uncertain. I have observed two distinct structural 
types in the same carcinoma occurring in the nasopharynx of a 
young subject. In one area there were very small cells lining a. 
blood sinus, while another area was composed of large flat cells 
approaching the squamous type. The occurrence of such cases 
suggests that the particular cell form of a tumor may not give a 
definite indication of its exact origin. 

In a case of carcinoma of the frontal sinus there were areas of , 
adenoma malignum, foci of adult cells approaching the squamous 
type, and small strands of small cells resembling transitional epi- 
thelium. 

In the metastases the structure may be more anaplastic and im- 
differentiated, or less so. In a tumor of the base of the tongue show- 
ing a structure of transitional cell carcinoma or lymphoepithelioma, 
the structure in the cervical nodes was much more adult in type 
approaching squamous carcinoma in places, while bulky metastases 
in the liver were extremely cellular and undifferentiated. Since the 
metastases in lymph nodes are free from secondary changes due to 
infection and ulceration, the structure in the nodes should reflect 
more truly the original cell t3q)e. 

7. The frequent occurrence of precocious metastases in cervical 
l3anph nodes when a primary tumor of the nasopharynx exists, but 
long escapes detection, makes a heavy inroad into the field of so- 
called primary endothelioma of lymph nodes and renders the diag- 
nosis of endothelioma of cervical lymph nodes a hazardous step. 
It is clear that a diagnosis of such a tumor in the neck cannot be 
accepted unless a long period elapses to permit the primary tumor 
to appear, or unless an autopsy proves the absence of such primary 
carcinoma. Moreover, the structure of certain transitional cell 
carcinomas or lymphoepitheliomas so closely resembles that which 
many authors including the writer have been in the habit of re- 
garding as endothelioma, that the separation of the two groups of 
tumors on histological features must be regarded as extremely dif- 
ficult, or often impossible. The mode of invasion of lymphoid tis- 
sue by certain lymphoepitheliomas is very peculiar, since it produces 
a structure which seems to spring directly from the lymphoid reticu- 
lum. There seems to be no way to determine whether these large 
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cells uniformly diffused through a lymphoid tissue are invading 
epithelium or multiplying reticulum cells. The chances favor a 
metastatic tumor in all such questionable cases. 

Nevertheless, I continue to encounteroccasional tumors of l)unph 
nodes of the neck and other regions in which no primary tumor is 
discovered during a long period of the life of the patient or at au- 
topsy, and which it seems necessary to regard as instances of pri- 
mary endothelioma. The gross anatomy of the cases of endothelioma 
described by von Recklinghausen,^® and others, especially those 
occurring in the abdominal region, is quite different from the condi- 
tions seen in metastatic carcinoma. There seems to be little doubt 
that primary endothelioma of lymph nodes does occur, but the scope 
of this group of tumors needs reconsideration in the light of the 
present knowledge of lymphoepithelioma. 

The separation of cellular carcinoma of the tonsil from lympho- 
sarcoma is also often difficult. Yet, in the epithelial tumors certain 
areas nearly always show sheets of cells of definite polyhedral form, 
while in lymphosarcoma the cells may be large but they never occur 
in sheets or with definite epithelioid characters. The gross anatomy 
and the clinical course of the two diseases are generally quite 
different. 

Tumors of the tonsils and nasopharynx which may with reason- 
able accuracy be classed as lymphoepithelioma are comparatively 
rare, while tumors of transitional epithelium in which lymphocytes 
play no part are relatively common. As evidence on this point, I 
have reviewed 200 cases of epithelioma of the tonsils and base of 
tongue, and 100 cases of nasopharyngeal carcinoma, from the records 
of the Memorial Hospital, with the following result: 


Tumors of tonsils and base of tongue 

Squamous epithelioma 

Transitional cell carcinoma 

Lymphosarcoma 

Lymphoepithelioma 

Unclassified 

Nasopharyngeal tumors 

Squamous carcinoma 

Transitional cell 

Lymphosarcoma 

Lymphoepithelioma 

Adenoma malignum 

Adenoid cystic epithelioma 


200 cases 
72 per cent 
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If 
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100 cases 
30 per cent 


37 

IS 

II 


a 



a 
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During this study it became apparent that there must be con- 
siderable personal equation entering into the decision as to which 
category certain tumors belong. Considerable difficulty was ex- 
perienced in deciding on histological grounds whether the tumor 
was a lymphosarcoma or a carcinoma. In many cases clinical evi- 
dence seemed to be necessary to make this decision. The group 
classified as lymphoepithelioma did not appear to be very sharply 
defined, and it was at times difficult to decide whether to class the 
case with lymphoepithelioma, transitional cell carcinoma of Schneid- 
erian origin, or as lymphosarcoma. The evidence furnished by 
several autopsies seemed inadequate to decide the question, since 
bulky metastases in the liver and bones occurred in all but lympho- 
sarcomas. 

I have had opportunity to study many sections of lymphoepithe- 
lioma with Dr. Laccasagne at the Radium Institute in Paris. I 
find that he includes under the term lymphoepithelioma, the vari- 
ous tumors which I have been designating as transitional cell car- 
cinoma, and Schneiderian carcinoma. 

Summary 

The present available data seem to call for the recognition of a 
particular form of epidermoid carcinoma occurring especially in 
the nasopharynx and designated by Regaud and Schmincke as 
lymphoepithelioma. The tumors arise from modified epithelium 
overlying lymphoid structures in tonsils, base of tongue and naso- 
pharynx. They occur at all ages, frequently in young subjects, 
grow slowly, are often overlooked, tend to produce early metastases 
in the neck, and later widespread extensions to liver and bone mar- 
row, and are generally fatal. They exhibit a marked primary re- 
sponse to radiation. The diagnosis must be based on the structure, 
which shows sheets of pale staining epithelial cells, often in syncytia, 
and infiltrated with many lymphocytes, both in the primary tumor 
and in metastases. The diagnosis may not be based on clinical ap- 
pearance, or course, or location, or radiosensitivity. Other tumors of 
the same regions are radiosensitive, produce early metastases to 
lymph nodes, bones, and viscera. Anaplastic carcinomas may be 
distinguished by their more rapid course and cellular structure. 

The exact scope of lymphoepithelioma is not yet clear. Tumors of 
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transitional epithelium located in many areas of the nasopharynx 
and lining the ducts of mucous glands, seem to produce tumors 
■showing many of the characteristics of lymphoepithelioma. It seems 
possible that the admixture of lymphocytes may be the result of a 
low grade inflammatory process occurring in certain other tumors, 
but their appearance in metastases is probably not to be explained 
in this way. 
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DESCRIPTION OF PLATES 


Plate 20 

Fig. I. Epidermoid carcinoma of tonsil. Solid cords of coherent cells. Epithe- 
lial characters distinct. Transitional cell carcinoma. 

Fig. 2. Epidermoid carcinoma of nasopharynx. Broad sheets of loosely co- 
herent cells. Epithelial characters fairly distinct. Transitional cell 
carcinoma. 
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Plate 21 


Fig 3. Epidermoid carcinoma. Indistinct alveolar grouping of small potyhedral 
cells. Slight infiltration of lymphocjdes. 

Fig. 4. Epidermoid carcinoma of nares. L3'mphoepithelioma of Regaud. 
Sjmcjdial masses of large pol3'hedral cells witli large nuclei. Rich infiltra- 
tion b3^ l3mphoc3des. Patient well three 3'ears after radiation. 












Plate 22 

Fig. 5. Epidermoid carcinoma of pharynx. Lymphoepithelioma of Regaud. 
S3mc}dial masses of large potyhedral cells. Infiltration by lymphocytes. 

Fig. 6. Epidermoid carcinoma of nasopharjmx. L^^mphoepithelioma of 
Schmincke. Broad areas of loose hyperchromatic cells of indistinct epithe- 
lial tj^pe. The structure somewhat resembles tymphosarcoma. 
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Plate 23 


Fig. 7. Epidermoid carcinoma of nares in a subject 23 years of age. L3'mpho- 
epithelioma. Diffuse infiltration of entire liver. 

Fig. 8. Epidermoid carcinoma of nares in a subject 23 j^ears of age. L5'mpho- 
epithelioma. Structure of metastasis in liver. 
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BIOPSY HISTOLOGY IN THE GRADING OF RECTAL CARCINOMA * 


Feed W, Stewaet, M.D., and John W. Spies, M.D. 

{From the Pathology Laboratory of the Memorial Hospital, and the Department of 
Pathology, Cornell University Medical College, New York City) 

Introduction 

In 1915 Broders began the practice of grading neoplasms on 
purely histological grounds and a series of studies by this 

author leaves very little question of the value of histologic grading 
of degree of malignancy in interpreting the probable course a given 
tumor type may be likely to pursue in a group of individuals. Like 
all purely laboratory methods it is apt to fail in the individual case 
wherein due and proper attention is not given to other influencing 
factors. A general review of the question of histologic prognosis of 
tumors is given by Plant ® and objections to the use of the method 
in individual cases in the absence of consideration of size and loca- 
tion of tumors, duration of disease and numerous other factors, are 
fully discussed. Apparently Plant is not overimpressed with the 
value of the histologic prognosis alone in the individual patient. 

Rankin and Broders® have recently applied Broders’ method of 
tumor grading to a large series of rectal carcinomas. The material 
for grading came from 598 surgical excisions at the Mayo clinic. 
Upon the basis of histologic structure the tumors were grouped into 
four grades; the results would appear to be of distinct aid in estimat- 
ing the probable operative result- obtainable from the average pa- 
tient. 

We were interested in comparing the results obtained by Broders 
from a study of operative material, presumably affording opportun- 
ity for complete tumor examination and classification in accordance 
with the full pathological findings, with results obtained from ex- 
amination of small, usually superficial, biopsy specimens. Since at 
the Memorial Hospital rectal carcinoma is but rarely excised, most 
of the cases falling within the inoperable group as judged by sur- 
geons of the rectal clinic, almost no operative material is available 
for study. Furthermore the hospital has very little bed space avaU- 

* Received for publication November 30, 1928. 
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able for treatment of cancer in its terminal stages, and consequently 
but few autopsies have been obtainable. On the other hand some- 
cases, while undergoing radiation therapy in the clinic, have had 
repeated biopsies thus affording a certain amount of material for the 
study of the question of change of tumor type during the course of 
the disease. 

We have endeavored to determine as nearly as possible from our 
material the answers to the following questions: (i) the approximate 
number of tumors falling in each group; (2) the relation of age to 
tumor t3q)e; (3) the influence, if any, of site of tumor to histologic 
type; (4) the question of tumor type and duration of symptoms be- 
fore the patient enters the clinic; (5) the duration of life from the 
onset of s)Tnp tom's in cases of the various types dying of the disease; 
(6) metastases found at colostomy in each of the four groups; (7) 
change of tumor type as observed in repeated biopsies; (8) an at- 
tempted analysis of those cases in which marked discrepancy existed 
between the clinical course of the disease and the average clinical 
course which the disease should have run had it behaved in accord- 
ance with the tumor type. 

Grading oe Tumors 

It is first desirable to explain, mainly photomicrographically, the 
grouping of the tumors. In general the grading we have employed 
approximates rather closely that of Broders and Rankin, but at the 
outset it must be stated that no very sharp lines can be drawn; what 
one sees is a series of gradual transformations in the direction of in- 
creasing anaplasia as the tumor grade changes from I to IV, There 
is room therefore for many individual variations in the grading and 
what we have sought are broad groups, necessarily with some over- 
lapping in both directions, rather than hard and fast lines of division 
which cannot exist clinically. 

Grade I: Under Grade I we have placed those tumors with malig- 
nant features, yet structurally approaching the benign adenoma. 
In tumors of this type the epithelial cells line distinct glandular 
cavities (Fig. i). A papillary arrangement is frequently, almost uni- 
formly present. Invasive tendencies, so far as determinable from, 
the biopsy specimen, are negligible features. The epithelium con- 
tains two or three layers of nuclei, elongated, of rather uniform size,. 
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without distinct hyperchromatism; mitoses are present but not 
numerous. The cell polarity is preserved, and the nuclei occupy the 
basal regions of the cells, leaving a cytoplasmic zone bordering the 
lumen of the gland. Secretory activity may or may not be present. 

Grade II: In Grade 11 the tumor cells still line definite glandular 
cavities; these cavities are more irregular; there is a marked ten- 
dency toward the production of papillary ingrowths and outpocket- 
ings of varying sizes and shapes. The walls of the glandular cavities, 
are thicker; nuclei are arranged in three or more layers; they are 
more hyperchromatic, larger, more elongated, and are situated 
through the entire thickness of the epithelium; no very distinct 
cytoplasmic border separates the nuclear layers from the gland 
lumina; evidences of ulceration and infection are fairly common; 
these tumors are classified as adenoma malignum or adenoma des- 
truens, Grade II (Fig. 2). The beginning distribution of nuclei 
throughout the thickness of the gland wall may be interpreted as 
being an early expression of loss of cell polarity. Mitoses are often 
numerous. 

Grade III: Tumors classified as Grade III (Figs. 3 and 4) show in 
addition to glandular cavities resembling those seen in Grade II, 
solid areas where glandular tendencies are either lost or are repre- 
sented by abortive attempts at tubule formation; the cells may be 
small with hyperchromatic nuclei, or they may be quite large and 
spindle-shaped. In either case there is definite loss of cell polarity. 
Papillary characters are poorly marked or absent. The stroma is 
frequently markedly increased, whereas in the two preceding groups 
it is a less prominent feature. Often the strands of tumor cells pre- 
sent a marked elongated, drawn-out appearance suggestive of infil- 
trating tendencies. Ulceration and infection are frequent, and the 
feeling exists that when infection is marked the tumor grade for 
clinical purposes should be increased. Thus Figs. 5 and 6 typify 
tumors which ordinarily would have been given as Grade III but 
which were advanced in grade in view of the increased clinical malig- 
nancy resulting from infection. The clinical course of the two cases 
fully justified this advance in grading. Why infection should alter 
the clinical course in the direction of increased malignancy is not 
known; we do not know nor do we see any way of determining from 
our material whether the infection hastens the lethal termination 
by means of increased metastases or merely through the local and 
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constitutional effects of such infection, for example hemorrhage and 
toxemia. 

Grade IV: Grade IV comprises a heterogeneous group of tumors; 
some of these suggest that with the accumulation of more material 
a fifth grade might profitably be introduced, but at the present time 
it is felt unwise to multiply grades. A classification under Grade IV 
has been given to certain tumors such as those illustrated in Figs. 7 
to 10. These tumors show various structures ranging between adeno- 
carcinoma and diffuse carcinoma; they may contain fairly uniformly 
small cells with small, round or spindle h3^erchromatic nuclei, with 
an imperfect alveolar arrangement; they may consist of closely 
packed masses of tubulo-alveolar structures again with small cells, 
hyperchromatic nuclei and little stroma reaction. In the very diffuse 
type (Fig. 9) the carcinomatous structure may be determined with 
difficulty. The patient whose tumor is illustrated in Fig. 9 lived but 
five months from the onset of symptoms. Gelatinous adenocarci- 
nomas characterized by diffuse infiltration with closely packed signet 
ring cells are likewise included in Grade FV. The above description 
indicates that the group as studied comprises a heterogeneous collec- 
tion of tumors, no one of which has been met with sufficient fre- 
quency to estimate its prognosis as a smgle type., 

Discussion 

The distribution of tumors in the various grades was as follows: 
Grade I, ii per cent; Grade II, 56 per cent; Grade III, 24 per cent; 
and Grade IV 9 per cent. The average age of incidence shows no 
marked difference in the various groups; it is slightly lower for 
Grade IV. The average age for Grades I, II, III is 58, 55, and 55 
years respectively, whereas the average age for Grade TV is 47 years. 
It has been impossible to trace any relation between grade of tumor 
and location within the rectum. The average duration of symptoms 
previous to application for treatment of the rectal condition reveals 
certain grade differences; with Grade I it was twenty months, in 
Grades II and III, eleven and ten months, and in Grade IV, six 
months. Contrary to expectation no marked differences in average 
length of life were apparent in patients of the different age decades 
but with the same histological type of tumor. 

Duration of Life: An attempt has been made to determine the 
length of life from the onset of sjnnptoms to death with the four 
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tumor grades. This of course cannot be made with any marked de- 
gree of accuracy. Often the early symptoms are vague; a long his- 
tory of hemorrhoids frequently confuses the picture and one is un- 
able to decide when symptoms referable to some benign rectal con- 
dition give place to those of rectal cancer. The same objection of 
course applies to the analyses of age of incidence and duration of 
symptoms reported above. Duration cannot be accurately deter- 
mined, but grade differences are sufficiently marked to merit atten- 
tion, In cases dying, and presumabty dying of the disease whether 
from metastases, hemorrhage, or infection, the duration of disease 
from onset to death was as follows: in Grade I, seventy months; in 
Grade II, thirty months; in Grade III, twenty-one months, and in 
Grade IV, ten months. In evaluating these groups, long operative 
survivals were eliminated; cases comprising the material had no 
surgical treatment other than colostomy. AU had received more or 
less palliative radiation. The statistics offered are admittedly only 
approximations to the natural history of the disease, 

Metastases: It is of interest to inquire what percentage of cases 
of the various grades had metastases; this again may not be answered 
with any degree of accuracy. For the determination of metastases 
we have only data derived from surgical examinations made at the 
time of colostomy. For this reason our figures show a considerably 
smaller number of cases with regional or distant metastases shortly 
after admission for treatment, than do those of Rankin and Broders. 
We admit the likelihood of their estimates. No case of Grade I 
tumor had metastasized at the time of colostomy; 10 per cent of 
Grade 11 tumors, 25 per cent of Grade III, and 60 per cent of Grade 
IV tumors had regional or distant metastases determinable at colos- 
tomy. 

Change of Grade: The question of change in tumor grade during 
the course of the disease is of some interest. We have been able to 
study forty-six cases where more than one biopsy specimen has been 
obtained. Of these thirty-seven had two biopsies, eight had three, 
and one had four. In a total of 102 biopsies but ten grade changes 
were made; all but one of these consisted in an advance of the grade. 
In one case Grade 11 was changed to Grade I; in four cases Grade I 
was advanced to Grade II; in three instances Grade II was advanced 
to Grade III and in two cases the grade was altered from II to HI 
and IV. It is safe to state that the tendency of a tumor of the rectum 
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is to maintain its type locally, rather than to develop progressively 
more malignant features. Again it must be emphasized that we are 
dealing with superficial biopsies and not the entire local tumor. 

Prognosis: It is believed that the prognosis of rectal carcinomas 
with colloid or gelatinous features is somewhat better than in those 
cases where such characters are lacking. We have followed nineteen 
such cases, and have endeavored to grade the tumors from the ap- 
pearance of the epithelial structures alone, neglecting the gelatinous 
elements. Unfortunately only in Grades III and IV may one draw 
any conclusion as yet. Of seven cases graded III, all are dead; the 
average duration of life from onset of symptoms to death was seven- 
teen months. Of four cases in Grade IV, three are dead, the duration 
of the disease averaging thirteen months. The higher grades are re- 
stricted to those tumors containing large numbers of signet ring cells 
(Fig. lo). Despite this high mortality in the advanced grades cer- 
tain operative results which we shall not attempt to summarize en- 
courage the belief that the lower tumor grades of colloid carcinoma 
may run a very slow, relatively benign course, suggesting the value 
of surgery in this group even when tumors are recurrent. 

Very little may be stated regarding those cases where marked dis- 
crepancy occurred between the estimated and the actual course of 
the disease. Almost all deaths took place outside of the hospital and 
the circumstances surrounding the deaths are not ascertainable. 
Local infection of tumors with resultant cachexia, hemorrhage; in- 
vasion of the bladder with resultant secondary urinary disturbances 
undoubtedly play a considerable role but occasionally one is at a loss 
to explain large differences between the estimated and the actual 
duration of disease. Almost all cases received radiation; as yet this 
factor’s influence is not determinable. 

Conclusions 

1. The histological grading of rectal carcinomas in accordance 
with the suggestions of Rankin and Broders is of value in estimating 
the probable course of the disease. 

2. Small biopsy specimens are sufficient for such grading. 

3. Repeated biopsies do not show that change in type occurs suf- 
ficiently often in the course of the disease to interfere seriously with 
the prognosis suggested by the grade given at the time of the first 
biopsy. 
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Plate 24 

Fig. I. Adenoma destruens, Grade 1. 
Fig. 2 . Adenoma destruens, Grade II. 
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Plate 25 

Adenocarcinoma, Grade III. 
Adenocarcinoma, Grade III. 
















Plate 26 


Fig. 5. Adenocarcinoma, Grade III, graded as IV on account of infection. 

Fig. 6. Adenocarcinoma, Grade III, advanced to Grade IV on account of in- 
fection. 
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Plate 27 

Adenocarcinoma, Grade IV. 
Adenocarcinoma, Grade IV. 



Axeerican Journal of Pathology. Vol. V 


Plate 27 












Plate sS 

Fig. 9. Diffuse carcinoma, Grade IV. 

Fig. 10. Gelatinous carcinoma with signet ring cells, Grade IV. 
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THE PROGRESSIVE ANEMIA FOLLOWING A SINGLE INTRA- 
MARROW INJECTION OF B. WELCmi TOXINS * 

John C. Tokrey and Morton C. Kahn 

{From the Department of Public Health and Preventive Medicine, Cornell University 
Medical College, New York, N. Y.) 

This study is in continuation of our investigation of the anemia 
produced in laboratory animals by a potent B. welchii toxin. In a 
^ previous communication attention has been directed to the con- 
sistently and abnormally high B. welchii counts in stools from per- 
nicious anemia cases.^ These findings have received confirmation in 
recent papers by Davidson,^’ ® although Nye ^ believes that the dif- 
ference from the normal as regards the number of B. welchii in the 
colon is more apparent than real. It was also shown ® that a transi- 
tory anemia with a blood picture strongly suggestive of the per- 
nicious type in a number of features could be produced in monkeys 
by intravenous inoculations of such a toxin. Similar observations 
for rabbits have also been made subsequently by Patterson and 
Kast,®’^ and Barach and Draper,®’® although these investigators 
consider the resulting anemia of a secondary rather than primary 
type. The anemia produced by actual infection of rabbits with 
whole cultures of B. welchii was earlier studied by Cornell and 
by Reed, Orr and Burleigh,^® and its pemicious-like features noted. 
It has been our experience, however, that the morphological and 
tinctorial blood changes in rabbits following intravenous inoculation 
of toxin, while somewhat suggestive of pernicious anemia, are not so 
striking as in monkeys. We have also reported evidence of the 
absorption of this toxin from the gastro-intestinal tract of monkeys, 
the mucous membrane of which had been treated with a weak solu- 
tion of sodium fluoride to induce a catarrhal inflammation. A blood 
picture in every way similar to that produced by intravenous inocu- 
lation resulted, together with a severe toxic degeneration of the mar- 
row tissue, affecting particularly the fat cells and erythrocytes. The 

* Read at the joint meeting of the American Association of Pathologists and Bac- 
teriologists, and the American Association of Immunologists, Washington, D. C., 
May I, 1928. 

This study has been aided by a fund contributed by Mrs. W. K. Vanderbilt. 
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fluoride treatment alone caused no such marrow injury and only a 
moderate degree of anemia. The marrows of the two toxin-treated 
animals, however, were examined following their death from the 
anemia and there were thus no observations on the intermediate 
stages of the degenerative process. To gain information in regard to 
the effect of this sterile toxin on bone marrow, a large number of ex- 
periments have since been carried out in which a single small dose 
has been introduced directly into the tibial marrow of a series of 
rabbits and of a monkey. Somewhat to our surprise, we found that 
such a single treatment had a progressively injurious effect causing 
a chronic anemia with very marked loss of weight and frequently a 
fatal issue. Aside from any consideration of the possibility of ab- 
sorption of B. welchii toxin being the essential etiological factor in 
the production of human pernicious anemia, the results aroused 
our interest because of the finding that the single inoculation into 
the marrow of one bone caused degenerative changes in quite equal, 
and at times in greater, degree in marrows of bones far removed 
therefrom. In view of the fact that the intravenous inoculation of 
the same dosage or a series of increasing amounts of toxin would not 
cause marrow changes of this character or degree, it is difficult to 
explain the apparent whole involvement of the marrow system fol- 
lowing toxin injury to a single bone marrow. 

It has been found that the B. welchii is capable of producing two 
apparently distinct hemolysins, one of which is active both in vitro 
and in vivo and the other, the more potent, causes blood destruction 
in vivo but only to a slight degree or not at all in vitro. Comparative 
tests of the action of these two products on bone marrow have been 
carried out both when introduced directly into the marrow and into 
the blood. 


Technic 

Toxin: The B. welchii toxin was prepared by the growth of the 
organism in casein-digest broth in sealed tubes as described hereto- 
fore.® We have found that 2 cc. of fresh rabbit blood per 30 cc. of 
medium may be substituted for fresh pigeon muscle. The toxin ob- 
tained is fully as potent and the in vitro hemolytic element is com- 
pletely, or almost completely, absorbed during the growth period. 
This product wiU be designated as “toxin” in distinction from 
“hemolysin” which was obtained by growth of B. welchii in tubes 



PROGRESSIVE ANEMIA EOLLOWING B. WELCHn TOXINS II9 

with the glass unsealed and in medium without addition of pigeon 
muscle or blood. Both products were rendered sterile by passage 
through Berkefeld filters. The toxin was tested for potency by in- 
jection in the breast muscle of pigeons. A good product caused 
death in 0.25 to 0.5 cc. dosage, in twenty-four hours. 

Iniramarrow Inoculation: The animal was placed under ether an- 
esthesia, the hair shaved from a site over the outer posterior aspect 
of the left tibia about 2 cm. from the distal end and iodine applied. 
The skin was then stretched well over to one side and an incision, 
about I cm. in length, was made over the proposed point of inocula- 
tion. This was done so that when the skin was allowed to return to 
its normal position the puncture in the bone would be entirely cov- 
ered and the danger of infection reduced to a minimum. The bone, 
almost directly under the skin, was laid bare and a small hole drilled 
of a diameter such that the hypodermic needle would fit snugly. 
This dose fit is very important as otherwise the substance inocu- 
lated will not run into the marrow. The injection was made slowly, 
the usual dosage being 0.5 cc., and a few seconds allowed to elapse 
before the needle was removed. When properly carried out there 
was.no leakage. With removal of the needle the skin was allowed to 
return to its normal position and a dressing applied. In no instance 
was there subsequently any evidence of infection and frequently 
when the animal was killed several weeks later the healing of the 
bone was so complete that the site of the puncture could not be 
found. 

Experimental Results 

The blood and marrow changes following the above treatment 
will be given first in detail in the case of a rabbit and a monkey and 
following that confirmatory tests will be described including a com- 
parison of the action of B. welchii “hemolysin” and “toxin” intro- 
duced intravenously and into the marrow. 

Rabbit No. 2^4: Male, weight 2200 gm. Inoculated into the left 
tibia with a single injection of 0.5 cc. of sterile “toxin” on March ii, 
1926. The animal showed no obvious signs of discomfort following 
the injection. He was found dead seventy-five days later with a loss 
of weight of 580 gm., as shown in Table I. Twenty-four hours after 
the injection, both the hemoglobin and red cell count was reduced 
over 50 per cent. There was apparently also a marked leucocytosis 
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but this may have been a technical error as it was not noted in other 
rabbits similarly treated. About ten days following the inoculation 
the color index rose above i.o and stayed there until about two 
weeks before the death of the animal. For sixty days the animal was 
in a state of pronounced anemia with hemoglobin ranging from 50 to 
60 and red cell count from 1,700,000 to 2,600,000. About one week 
before death a marked drop in hemoglobin occurred reaching a low 
point of 30. There was some evidence of a leucopenia, the white cell 
count reaching a minimum of 3,200 on two occasions. Morphologi- 
cal and staining changes in the blood were on the whole not quite so 
pronounced as reported heretofore as following intravenous toxin 
inoculations, although about five weeks after the toxin treatment 
poikilocytosis became very marked, much more so than when the 
toxin was injected intravenously. Nucleated red cells, punctated 
basophiles or those containing Howell-Jolly bodies were seldom ob- 
served. Pronounced anisocytosis was noted twenty-four hours fol- 
lowing the injection and by the fourth day the microscopic fields 
showed principally microcytes staining more bluish with the Wright 
stain than normally. At least three attempts at regeneration are 
discernible; on March 19, April 10 and May 10. At these times 
there was a slight rise in hemoglobin or erythrocyte count and the 
blood picture was more nearly normal. On the day before death 
there was very marked anisocytosis, poikilocytosis, achromia and 
polychromatophilia. Two nucleated erythrocytes, three myelocytes 
and one myeloblast were found per 100 leucocytes counted. 

For all the reports on the microscopic findings in the marrows 
and other tissues in this and other animals covered in this study, we 
are one indebted to Dr. James Ewing. 

The marrows of the left and right tibia, right femur and left 
humerus were a dark maroon color throughout in the case of the 
two latter, and of a lighter shade in the distal halves of the two tibias. 
Sections of marrows from the left and right tibias, the left femur and 
left humerus showed essentially the same changes. Part of this tis- 
sue had been fixed in 10 per cent formalin and part in Zenker’s fluid.* 
Dr. Ewing’s report was as follows; 

“There is in all a replacement of fat and lymphoid cells by a 
peculiar -homogeneous granular material which appears to replace 

* Our appreciative thanks are due to Dr. W. B. Castle of Boston City Hospital, who 
had sections of some of the Zenker-fixed material prepared. 



Single Inoculation of B. Wclchii Toxin into the Bone Marrow of a Rabbit 
Rabbit No 234. Mature, Male. Weight 2200 gm. 
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these cells and compose four-fifths of the tissue. The few remain- 
ing cells are mostly rather large, hyperchromatic granular mono- 
nuclears of the myelocyte type. No definite traces of forming red 
cells could be found. The changes resemble the so-caUed myelo- 
blastic degeneration of bone marrow in pernicious anemia in an 
advanced atrophic stage.” These findings are illustrated in Figs, i 
and 2. It may be noted that the degree of degeneration is even 
more marked in the right tibial marrow than in the left, into which 
the toxin had been injected. 

Monkey Q: Mature, Nicaraguan Bull Head, Cebus t5^e, female. 
May 6, 1926, 0.5 cc., B. welchii toxin inoculated into right tibia, A 
progressive anemia developed. When killed seventy-seven days 
later the animal was very anemic. The erythrocyte count was 
1,700,000, the hemoglobin, 40. The tongue was pale and smooth, 
the liver, a light yellow reddish brown, the spleen, not enlarged and 
a light pink. No obvious lesions in the kidneys. The intestine was 
practically free of parasitic worms. The bone marrows were a dark 
maroon throughout, with the exception of those of the tibias in 
which the distal ends were of a lighter color. In this animal and in 
all B. welchii inoculated rabbits the blood serum was either colorless 
or a light straw color and never showed the lemon yellow hue so 
characteristic of pernicious anemia. The details of the blood exami- 
nations are shown in Table II. It will be noted that the erythrocytes 
fluctuated around 2,000,000 with counts below that mark during the 
last three weeks and the hemoglobin between 40 and 60 with evi- 
dences now and then of attempts at regeneration. The color index 
was generally slightly above i .0 and there was at times a moderate 
leucopenia. Marked anisocytosis with many macrocytes was noted 
at practically every examination with occasionally distinct poikilo- 
cytosis and polychromatophilia. Occasional nucleated reds and 
myeloblasts were seen and Howell-Jolly bodies were considerably 
more prominent than in the blood of the rabbits similarly treated. 
In general features, however, the findings were very similar to those 
for the rabbits. 

Microscopic examination of marrows of the right and left tibias, 
a femur and humerus showed degenerative changes, perhaps more 
marked in the right tibia into which the toxin had been inoculated, 
but prominent in the other marrows. The right tibia showed very 
numerous fat cells with scanty marrow cells which lay in clusters 



Table II 

Single Inocnlalion of B. Welchii Toxin into the Bone Marrow of a Moiikey 
Monliey Q. Young AdttU Female 
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between abundant fat cells. Giant cells were frequent. There was a 
great abundance of large phagocytic cells containing yellowish pig- 
ment. Many polymorphonuclear leucocytes were present through- 
out the tissue. No islands of normoblasts but many nucleated eryth- 
rocytes of about normal or slightly increased size were found. The 
general impression was of blood destruction wth active regeneration 
of an irregular type. Local inflammation was indicated by the leuco- 
cytosis. The marrow of the left tibia was more cellular, fat cells less 
numerous and most of the cells lymphoid mononuclears. Compara- 
tively few nucleated reds could be made out and there were few 
polymorphonuclear leucocytes (Fig. 8). The marrows of the right 
femur and right humerus were very cellular wnth practically no fat 
cells present and no islands of red cells. Most of the cells w^ere lym- 
phoid mononuclears. The findings in this monkey, accordingly, dif- 
fered from those in the rabbit in that in the former the marrows did 
not show a replacement of the marrow and fat cells by the homo- 
geneous granular material which wms such a prominent feature in 
the rabbit marrows but these cellular elements were replaced by 
lymphoid cells. As with the rabbit, however, there occurred a very 
marked decrease in fat cells in marrows far removed from the site of 
inoculation. In both species there was evidence of marked degenera- 
tion of the blood-forming cells in the marrows throughout the body. 

Confirmatory Tests 

On January 13, 1927, three large rabbits. Nos. 272, 273 and 274, 
ranging in weight from 2000 to 2200 gm. were each inoculated into 
the left tibial marrow with 0.5 cc. of B. welchii toxin. This was a min- 
imal lethal dose for a pigeon when injected into the breast muscle. 
One of the animals. No. 272, died seventy-four days later, repeating 
almost exactly the history of 'Rabbit 254 (death in seventy-five 
days). The erythrocyte count was 2,360,000 and the hemoglobin 76. 
Rabbit 273 was killed 102 days later in a very weak and anemic con- 
dition and without doubt would have died from its condition. The 
erythrocyte count was 1,830,000 and the hemoglobin 64. Rabbit 
2'J4 was in a marked to profound anemic condition for 112 days 
w en he was killed in order to obtain the bone marrow. The 

tyt rocyte count about that time was 1,600,000 and the hemo- 
g o m 46. The morphological changes in the blood in aU these three 
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rabbits were much the same as for Rabbit 254 (Table I) except that 
nucleated reds were not observed at any examination. Several in- 
oculations of toxin, given intravenously in monkeys, cause after two 
weeks a flood of nucleated reds as described in a previous paper ^ but 
not when a single injection is given into the marrow. Polychro- 
matophilia and basophilia in a moderate to a marked degree was 

Chart I 

Blood counts on rabbits after a single intratibial (marrow) injection of B. welchii toxin 
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observed at nearly every examination of the three rabbits beginning 
with the day following the inoculation. Transitional leucocytes and 
myelocytes were observed only on one or two occasions in each of 
these rabbits. 

Chart I shows in detail the changes and fluctuations in the weekly 
erythrocyte counts and color indices determinations for the three 
rabbits. These curves have been superimposed and bring out in a 
striking way the almost identical reaction of the three animals to the 
single intramarrow inociflation of the toxin, both in degree and in 
point of time. The erythrocyte count dropped to between 2,000,000 
and 3,000,000 the day following the inoculation and remained at 
that level continuously for seven weeks. There then occurred in 
all three animals a strong attempt at blood regeneration, as in each 
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the erythrocyte count rose to nearly 4,000,000 and the color index 
dropped to below i.o. This lasted only a few days at the most, for on 
the eighth week examination the red cell count had dropped to the 
former level and the color indices were considerably above i.o, as 
had been the case heretofore. In the case of Rabbit 254 a similar 
major regenerative attempt occurred in the eighth week (Table I). 
Minor remissions may also be noted in the third to fourth weeks and 
in the thirteenth to fourteenth weeks in the two surviving that long. 

Rabbit 272 at death was markedly emaciated, the loss in weight 
being about 41 per cent. Rabbit 273, however, showed a loss of only 
3 per cent. The internal organs in all were anemic but showed 
nothing of particular note macroscopically except a shrunken condi- 
tion of the spleens. In two normal rabbits of approximately the 
same size, the spleens averaged 8 by 60 mm., whereas in Rabbit 272 
the measurement was 5 by 15; in No. 273, 4 by 46; and in No. 274, 
5 by 45. Microscopic examination showed heavy pigmentation and 
large microphages in the spleen of No. 272. The liver of No. 272 ex- 
hibited marked congestion with a rich deposit of fine granular yel- 
lowish pigment within the liver cells but no fatty or granular degen- 
eration, whereas the liver of No. 273 was extremely fatty with acute 
universal lipoid degeneration and occlusion of capillaries from swol- 
len liver cells. The marrows of Nos. 272 and 273 showed, in general, 
similar changes to those already noted for Rabbit 254, both macro- 
scopically and microscopically. In No. 272 the changes in the right 
and left tibial marrow (into which the toxin was injected) were the 
same in type and degree, consisting of a remarkable proliferation of 
large cells replacing fat and causing an extensive atrophy of the 
blood forming cells. Among the remaining cells there were many 
polymorphonuclear leucocytes, a few myelocytes and many large 
hemoglobin-holding cells with pyknotic nuclei. There were also 
many pigmented microphages. The total blood-producing capacity 
of these marrows was greatly reduced and the type of cell formation 
abnormal. The right and left femurs showed similar changes but 
less marked. In No. 273, which lived longer than No. 272, the mar- 
row changes in the right tibia were the same as in the left but less- 
marked as the marrow was much more cellular and the large clear 
cells were less numerous. The changes in the right and left femurs 
were of the same character as in the left tibia but less marked. 

In an attempt to determine the rapidity of the toxin action on the 
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bone marrows, Rabbit 500 was inoculated with 0.5 cc. B. welchii 
toxin into the left tibial marrow and then killed after eighteen hours. 
Before inoculation the erythrocyte count was 4,600,000 and the 
hemoglobin 80. Eighteen hours following inoculation the erythro- 
cytes were 2,250,000 with marked am'socytosis and polychromophilia 
and slight poikilocytosis, the hemoglobin 59, color index 1.3, leuco- 
cytes 8,800. There was some hemorrhage into the left marrow. Mi- 
croscopically there were the same changes in the right and left tibial 
marrows but curiously more marked in the right than the left. The 
right tibia (on the other side of the body from the inoculation) 
showed the tissue considerably damaged with complete atrophy of 
marrow cells in the center of the marrow, and marrow cells through- 
out much diminished in number. A good many fragmented nuclei, 
a great many polymorphonuclear leucocytes and numerous eosino- 
philes were noted; also cells showing atypical mitoses and degener- 
ating giant cells. The fat cells were still normal and abundant. The 
right femur showed irregular congestion with areas devoid of cells, 
considerable degeneration of giant cells and many polymorpho- 
nuclear leucocytes. The left humerus exhibited the same changes as 
the femur with the same type of fat cells showing granular degenera- 
tion. The changes in the right tibial marrow are illustrated in Fig. 2, 
which may be compared with the normal marrow as shown in Fig. i. 
The photographs reproduced in the plates are all from the same gen- 
eral region of the tibial marrow, about i cm. from the proximal end. 

The above observations indicate that within the first twenty-four 
hours following an intratibial inoculation of the toxin the damage is 
by no means confined to the marrow into which the inoculation was 
made but has caused marked blood destruction, to the same degree 
as if the inoculation had been made intravenously, and also degen- 
erative changes in marrows far removed from that inoculated. 

Series of Rabbits Killed and Examined Twelve Days 
AFTER Inoculations 

A rabbit (No. 98) was inoculated into the left tibia with 0.5 cc. of 
toxin, killed after twelve days and the marrows examined to deter- 
mine the changes occurring after that interval. Twenty-four hours 
after the injection, examination of the blood showed a severe condi- 
tion of anemia. There was an extreme degree of anisocytosis with a 
strong predominance of dark microcytes, marked poikilocytosis. 
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many shadow erythrocytes with cell walls broken and also numerous 
nucleated forms. The animal was so anemic that it was only with 
difficulty that sufficient blood for a count was obtained from a 
peripheral vessel. Further details are shown in Table III. The blood 
destruction twenty-four hours following the intramarrow injection 
was far more marked than that shown after the same period by 
Rabbit 593, inoculated intravenously with the same dosage of toxin 
(See Table IV). Rabbit 98, when killed after twelve days, had de- 
creased in weight from 1820 to 1170 gm., a loss of 650 gm. or some- 
what over one-third. Autopsy did not show anything of note except 
a rather small spleen, 35 by 8 by 4 mm. The marrows were a bright 
red throughout. Microscopic examination of the right tibial mar- 
row showed an extremely marked atrophy of marrow cells and a 
marked increase of fat cells, most of which had degenerated. Poly- 
morphonuclears were extremely abundant. The same changes were 
observed in the other marrows examined, viz., the left tibia and right 
and left femurs. Degenerative changes were thus well advanced at 
this time (Fig. 3). The blood examination of this rabbit after the 
twelve-day period is detailed in Table III and for comparison the 
findings for a rabbit (No. 593) which was given a single inoculation 
of the same amount, 0.5 cc., intravenously and killed after twelve 
days (Table IV). The erythrocyte count for this latter animal 
showed a drop from 4,840,000 to 3,230,000 but no change in hemo- 
globin. There was a moderate degree of anisocytosis, slight poly- 
chromatophUia but the blood injury was in no way comparable to 
that of No. 98, as is shown in Table IV. The report on the micro- 
scopic examination of the marrows of this rabbit (No. 593) is as 
follows; 

Tibia: The marrow is rather cellular, with fat and cellular 
tissue about equal. The fat cells show mucous degeneration in mod- 
erate degree. Polymorphonuclear leucocytes are very numerous.’ 
There are a great many large mononuclear acidophile cells and many 
of these appear to be megaloblasts. The blood formation seems to 
be of megaloblastic type (Fig. 3). 

Right Femur: The marrow cells are limited to a narrow ring about 
the periphery of the marrow. There is slight mucous degeneration 
of fat cells with considerable capillary congestion. The polymorpho- 
nuclear cells are rather numerous. There are an unusual number of 
very small pyknotic nuclei which seem to belong to nucleated reds. 



Table III 

Comparative Effect of the Intramarrow (Tibia) Inoculation ofB. Wclchii Toxin, Hemolysin and the Sterile Medium. Animals Killed Twelve days 

Later and Marrows Examined 
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There are many large acidophile cells and some of these are eosin- 
ophile and granular. There are some large nucleated reds. 

Right Humerus: About half the marrow is cellular and half fat 
tissue. The cellular marrow is more cellular than in the other speci- 
mens. Polymorphonuclear and eosinophile cells are very numerous. 
There are also a great number of small pyknotic nuclei belonging to 
the series of normoblasts, but few large nucleated reds are seen. The 
fat cells show little change. 

The changes were thus much more delicate than in Rabbit 98 and 
not of the same character, particularly as regards degeneration of 
the fat cells. 

Rabbit 96 of this series received into the left tibia! marrow 0.5 cc. 
of a growth product of B. welchii which was very strongly hemolytic 
but weakly toxic, as shown by inoculation into the breast muscle of 
a pigeon. As noted above, our “toxin” inoculated in 0.25 to 0.5 cc. 
dosage would kill the bird within twenty-four hours with the de- 
velopment of a local massive and hemorraghic edema, whereas i cc. 
of this hemolysin caused only very slight local reaction and no toxic 
symptoms. This hemolysin was prepared by growing B. welchii in 
the same medium as for the toxin (3 per cent peptone, 0.5 per cent 
glucose, casein digest broth) except that no pigeon muscle or fresh 
rabbit blood was added and the tube was not sealed in the blow 
flame. Further details in regard to the nature and antigenic proper- 
ties of these two products wiU be given in another publication. 

This rabbit was apparently in good condition eleven days after the 
injection of the hemolysin into the marrow. It had increased in 
weight from 1780 to 1940 gm. (compare with No. 98). Ten cc. of 
blood was taken from the ear vein. On the next day, however, the 
animal was found dead. Necropsy did not disclose the cause. The 
degree of anemia was not nearly as great as for No. 98. The spleen 
measured 44 by ii by 3 mm., a little larger than that of No. 98. The 
marrows differed markedly from those of No. 98 in being a much 
darker red throughout. Microscopic examination of the left tibial 
marrow showed thrombosis of the main central vein with the sur- 
rounding tissues infarcted. There was also a very marked increase 
of large pale proliferating fat cells and a corresponding diminution of 
marrow cells which were not very much altered. There were many 
large hemoglobin-holding cells and eosinophiles. The marrow cells 
were not very much altered and there was not nearly as marked 



PROGRESSIVE ANEMIA EOLLOWING B. WELCHn TOXINS I3I 



















132 


TORREY AND KAHN 


atrophy as in the case of Rabbit 98, in which the marrows were far 
more damaged. The right femur, the side opposite the site of inocu- 
lation, showed similar changes with moderate atrophy of marrow 
cells and considerable proliferation of fat cells. In fact, the prolifera- 
tion of large fat cells was a very striking feature in this animal, and 
the findings, in general, were markedly different from those in the 
rabbit (No. 98) inoculated with the toxin. 

Rabbit 97 of this series was inoculated into the left tibia with 
0.5 cc. of the sterile culture medium. Subsequent examination dis- 
closed that the animal was not entirely normal as there was evidence 
of an old lesion in the right tibial marrow. The animal lost weight 
markedly during the twelve days, decreasing from 1800 to 1275 gm. 
There was also a marked decrease in the erythrocyte coimt and the 
hemoglobin, as shown in the table, but the color index remained al- 
most exactly i .0 and no abnormalities were observed in the stained 
blood films. At necropsy the spleen measured 39 by 7 by 4 mm. 
Other organs appeared normal. The marrows were a bright red 
throughout, except the distal ends of the tibias which are normally 
much lighter in color. The right tibia, the site of an old lesion, 
showed a marked proliferation of fat cells but the changes were 
much less marked than in No. 98. The right femur marrow showed 
no change and was normal in appearance. 

By way of further control two rabbits were inoculated intramar- 
rowly with the sterile culture medium and observed for a period of 
about nine weeks. Rabbit 579 was inoculated into the right tibial 
marrow with 0.5 cc. of the sterile broth medium in which pigeon 
muscle had not been soaked, and No. 587 with the broth to which 
the muscle was added and incubated over night. The details for 
these animals are given in Table V. It will be noted that at the end 
of the period both animals had gained in weight in contrast with the 
very marked loss generally observed in the animals inoculated in the 
same way with the toxin. The erythrocyte counts and the hemo- 
globin fl.uctuated with a slight downward tendency in No. 579, but 
remained quite constant with No. 587. The color indices remained 
close to i.o and the blood showed no morphological or staining ab- 
normalities throughout the experiment. Both animals appeared in 
fine condition at the termination of the experiment. The report on 
the right and left tibia and the right femur marrows of these rabbits 
is as follows: 
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“There is a marked reduction of all types of cells. The fat cells 
are normal. The femur marrows are slightly more cellular than 
the tibial. There is no other change in the marrow except simple 
atrophy. The condition is probably physiological and preexisting.” 
The appearance of the right tibial marrow of Rabbit 579 is shown in 
Fig. 7. This cellular atrophy may possibly have been induced by the 
medium ingredients, particularly the peptone, but the change was 
not sufficient to affect the blood picture and was in no way compar- 
able to that following the toxin. 

It seems evident, then, that medium ingredients were not respon- 
sible for the progressive degeneration of the hematopoietic system 
following the intratibial inoculation of the B. welchii toxin. 

In the case of one monkey it was determined that the immunity 
following a long series of intravenous inoculations of B. welchii 
toxin included also the marrow. This monkey Q) had received 
twenty-eight treatments between January 14, and March 12, 1926, 
in dosage ranging from i cc. to 20 cc. After a prolonged period of 
anemia the blood picture returned to approximately normal. The 
animal was allowed to rest for a month and was then given 1 cc. of 
B. welchii toxin into the tibial marrow. Blood examinations during 
the following two weeks indicated the treatment had no effect what- 
ever and it was thus evident that the immunity produced by the 
intravenous inoculation extended to such a susceptible tissue as the 
bone marrow. 

Intravenous Inoculation of B. Welchii Toxm and Hemolysin 

For purposes of comparison with the effects of the intramarrow 
inoculations, a description is given of blood and marrow changes 
following the intravenous inoculation in rabbits with the same sterile 
B. welchii growth products. Three rabbits, Nos. 112, 114 and 269, 
were given five injections of i cc. dosage at weekly intervals and 
finally an intraperitoneal inoculation of 10 cc. Rabbit 112 received 
the “hemolysin,” Rabbit 114 the toxin and Rabbit 269 a mixture of 
equal parts of the two. The toxin was only feebly hemolytic when 
tested in vitro, i cc. causing at the most partial lysis of i cc. washed 
(5 per cent) sheep cells after one and a half hours at 37° C., whereas 
the “hemolysin” prepared by growing the B. welchii in the same 
broth medium but without pigeon muscle or blood and with the tube 



Table VI 

Blood Changes in Rabbits Inoculated Intravenously with Sterile Toxic Products of B. Welchii Growth 
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unsealed, was very potent in vitro causing complete lysis of i cc. of 
the washed sheep cells in dosage of 0.05 to 0.025 cc. within one hour 
at 37° C. One week following the first inoculation the greatest 
amount of blood destruction was observed in No. 269, receiving the 
mixture. Comparing the toxin and the hemolysin, a somewhat 
greater degree of blood destruction was noted in one hour following 
the inoculations of the hemolysin (Rabbit 112) than the toxin (Rab- 
bit 1 14); as shown particularly in the hemoglobin readings, Rabbit 
1 12 hemoglobin decreasing from 92 to 66 while that of Rabbit 114 
dropped only from 92 to 85. As shown in Table VI, however, this 
difference was more than made up after a lapse of a week, the toxin 
rabbit revealing then the greater degree of blood destruction but not 
so much as the toxin-hemolysin animal (No. 269). These differences 
were confirmed in another set of rabbits. In spite of repeated intra- 
venous inoculations of these B. welchii products, a marked immunity 
developed in aU within three to four weeks. This immunity was 
strong enough to protect the blood against the 10 cc. intraperitoneal 
inoculations in the toxin and hemolysin rabbits but not in the animal 
treated with the toxin-hemolysin mixture. 

The marrows of Rabbits 114 and 269 were a dark maroon color, 
whereas those of No. 112 (hemolysin rabbit) were a lighter red. 
Microscopically the marrows of Nos. 112 and 114 did not show any 
definite changes from the normal except those of No. 112 which ap- 
peared somewhat more cellular. 

The above animals had developed an immunity and it was quite 
possible that injury done to the marrows might have undergone re- 
pair. Accordingly another rabbit (No. 582) was given three intra- 
venous inoculations of toxin within a period of twelve days and killed 
ten days after the last injection and while still in a markedly anemic 
condition, the erythrocyte covmt being 2,340,000 and the hemo- 
globin 60 with marked anisocytosis and polychromatophilia. The 
marrows were dark red. Sections of the right tibial marrow showed 
a very cellular and considerably congested condition, but there were 
no changes in the fat cells. AU t3rpes of marrow cells appeared in 
normal numbers, with eosinophiles moderately numerous. There 
were no definite pathological changes. A description has already 
been given (page 131) of the findings in a rabbit (No. 593) after a 
single intravenous inoculation of toxin. 
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Discussion 

The preceding experiments show clearly that a single inoculation 
of B. welchii toxin in small dosage into one bone marrow of a rabbit 
or a monkey causes a toxic degeneration of the cellular elements of 
the marrow with a consequent anemic condition persisting until the 
death of the animal ten weeks or more later (about 50 per cent of our 
rabbits died) or as long as the animal was observed, up to seventeen 
weeks. This degenerative change affects particularly the fat cells 
which seem to increase in number at first, but later undergo mucous 
degeneration to such a degree that they are finally entirely replaced 
by a peculiar homogeneous granular material. At the same time 
there occurs a degeneration of the marrow ceUs and the erythrocyte- 
forming cells. In the intermediate stages unusual numbers of poly- 
morphonuclear neutrophiles and eosinophiles accumulate in the 
marrow. These changes begin immediately after the inoculation of 
the toxin and are not restricted to the marrow into which the injec- 
tion is made but are quite as prominent or more so in marrows far 
removed therefrom, even within twenty-four hours or less following 
the treatment. Sufficient marrows were examined to indicate that 
the whole system was probably involved. Control inoculations with 
the sterile medium itself showed that the injury was due to the toxic 
growth products of the B. welchii and not to the medium ingre- 
dients. Such extreme marrow changes further do not follow intraven- 
ous inoculation of the toxin regardless of the dosage used or the 
number of inoculations. The marrows become more cellular and 
congested after intravenous inoculation. Following the first inocu- 
lation, the fat cells may show mucous degeneration in moderate 
degree but an immunity soon develops which arrests the process and 
permits a return to normal even though very large doses of toxin are 
employed (Table VI). It is reasonable to suppose that the inoculum 
reaches the various marrows of the body in the same or greater 
strength when the same dosage is injected directly into the blood 
stream as when inoculated into a single marrow as it is the blood and 
lymph which transports it in each case. If the degenerative changes 
were confined to the marrow receiving the toxin or were much greater 
there than in the marrows far removed, the severer effect would be 
expected because of contact with the undiluted toxin. Such, how- 
ever, is by no means the case, as our observations demonstrate. 
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What then causes the strikingly different effect on the marrow sys- 
tem when the toxin is injected intravenously and intramarrowly? 
We have as yet no experimental data which would serve to explain 
the difference but the suggestion may be made that the undiluted 
toxin in its destructive action on the marrow tissue with which it is 
brought into direct contact may give rise to secondary toxic products 
particularly injurious to marrow tissue, and which on absorption 
throughout the lymph and blood are brought in contact with all the 
body marrows, causing as grave an injury to those farthest removed 
as to that into which tire toxin was directly inoculated. 

It would seem probable that an experimental anemia produced in 
this way may prove helpful in the study of the treatment of per- 
nicious anemia, particularly as regards the use of liver extracts and 
their standardization. At our suggestion the methods employed in 
this study are now being used at the Lederle Antitoxin Laboratories 
in an experimental investigation of their applicability to liver ex- 
tract standardization. In a preliminary report by Beard, Clark and 
Moses, it is clearly demonstrated that liver extract feeding to rab- 
bits with the chronic anemia produced in this way is beneficial, re- 
sulting in a prompt and marked rise in reticulocytes, hemoglobin 
and red cell counts. There seems also to be a proportionality be- 
tween the amount of liver extract given and the increase in number 
of red cells and hemoglobin content. The benefit, in fact, seems to 
parallel that occurring in a pernicious anemia patient on liver ex- 
tract. Their findings offer hope that a method for standardization 
of liver extracts may thus be established. Whipple has found that 
a secondary anemia produced in dogs by repeated bleedings is only 
slightly benefited by feeding liver extract, although marked im- 
provement follows the use of whole liver. It would seem, then, that 
our method offers a much more delicate method for potency titra- 
tion. It is also suggested that this experimental anemia may provide 
a method for evaluating the blood regenerating potentialities of 
various chemical fractions of liver and other organs. 

Summary 

I. It has been found that the single inoculation of 0.5 cc. of a 
potent sterile B. welchii toxin into a tibial marrow of a rabbit or a 
monkey gives rise to a chronic, persistent and finally often fatal 
anemia characterized by low hemoglobin content of the blood, low 
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erythrocyte count and- a color index generally above i.o. Anisocy- 
tosis and at times poikilocytosis are pronounced. 

2. A single intravenous inoculation of B. welchii toxin of the same 
dosage or a series of increasing doses gives rise to an anemia of the 
same type as that resulting from marrow inoculation but is followed 
within three to four weeks by an immunity and a return of the blood 
to normal or nearly normal condition. Such intravenous inoculation 
of the toxin causes some mucous degeneration of the fat cells and an 
increase in the cellular elements in the marrow, particularly the leu- 
cocytes, but results in nothing like the destructive action of inocula- 
tion directly into the marrow. 

3. The single inoculation of 0.5 cc. of the toxin into a tibial mar- 
row starts a degenerative process which apparently affects the whole 
marrow system. Definite evidence of beginning degenerative 
changes were noted in the marrows on the side of the body opposite 
the site of inoculation within eighteen hours. After twelve days the 
process was well advanced as shown by the marked mucous degen- 
eration of the fat cells, great diminution in other normal marrow 
and blood-forming cells and a marked increase in polymorphonuclear 
leucocytes. In rabbits which had died eleven or more weeks after 
the inoculation the marrows were found to be in an advanced stage 
of degeneration with fat cells replaced by a granular material and an 
extreme atrophy of the cellular elements. Nearly aU the animals 
showed, at whatever stage examined, a rather more pronounced de- 
generation in marrows far removed than in that into which the 
toxin was injected. As intravenous inoculation of like or larger 
amounts of toxin causes no more than a transitory marrow injury, 
the cause of the difference in effect is not clear. 

4. It is suggested that the chronic experimental anemia, pro- 
duced in this way may prove a useful means for evaluating the po- 
tency of extracts of liver and other organs as blood regenerating 
agents. 
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DESCRIPTION OF PLATES 
Plate 29 

Fig. I. Normal rabbit, right tibial marrow, x 160. 

Fig. 2. Rabbit 500. Right tibial marrow. Inoculated into left tibial marrow 
with 0.5 cc. B. welchii toxin. Killed after eighteen hours. At5''pical mitoses 
and degeneration of giant cells, many polymorphonuclear leucocytes. 
X 160. 

Fig. 3. Rabbit 98. Right tibial marrow. Inoculated into left tibial marrow 
with 0.5 cc. B. welchii toxin. Killed after twelve days. Extremely marked 
atrophy and degeneration of fat cells, numerous polymorphonuclear leuco- 
cytes. X 160. 

Fig. 4. Rabbit 593. Right tibial marrow. Inoculated intravenously with 
o-S cc. B. welchii toxin. Killed after twelve days. Marrow rather cellular. 
Fat cells show mucous degeneration in moderate degree. Pol5Tnorpho- 
nuclear leucocytes very numerous, x 160. 



AiiERicAN Journal of Pathology. Vol. V 


Plate 29 





Plate 30 

Fig. 5- Rabbit 254. Left tibia! marrow. Inoculated into left tibia! marrow with 
0.5 cc. B. ivdchii toxin. Died seventy-five days later. Replacement of fat 
and lymphoid cells by a homogeneous granular material. The few cellular 
elements are mostly myelocytes and polymorphonuclear leucocytes. 

Fig. 6. Rabbit 254. Right tibial marrow. Degenerative changes even more 
pronounced than for left tibia. Very few cells. 

Fig. 7. Rabbit 579. Control for medium. Right tibial marrow. Inoculated 
into right tibial marrow with 0.5 cc. sterile broth medium. Killed after 
sixty-four days. No change except a simple atrophy with a marked reduc- 
tion of all types of cells. Fat cells are normal. 

Fig. 8. Monkey Q. Left tibial marrow. Inoculated into right tibial marrow 
with 0.5 cc. B. wclchii toxin. Killed after seventy-seven days. Llarrow 
very cellular, comparatively few fat cells and very numerous tymphoid 
mononuclear cells. 













HEMANGIOBLASTOMA OF THE CEREBELLUM 
(LINDAU’S DISEASE)* 

Leo M. Davidoff, M.D, 

{From the Laboratory of Neuropathology, New York State Psychiatric Institute and 
Hospital, Ward's Island, N. Y.) 


Beginning his study with two cases of cystic tumor of the cere- 
bellum similar to the one about to be described, then searching the 
literature for other examples, Arvid Lindau,^ the Swedish patholo- 
gist, first proved in 1926 the hemangiomatous nature of the tumors 
associated with these cysts, then showed the frequent association 
of these cystic tumors with angiomas of the retinae (von Hippel’s 
disease) as well as frequent hemangiomatous and cystic tumors of 
the pancreas, kidneys, epididymi and other parts of the body. 

That the combination of these various cysts and tumors in a 
single patient who frequently shows hereditary predisposition forms 
a definite syndrome, and may properly be known by the name of 
its discoverer, cannot be denied. The question may be asked, how- 
ever, how many of the changes included in this syndrome must be 
present in a patient before his ailment may be properly classified 
as Lindau’s disease. 

In my case there was no hereditary taint, no angiomatosis of the 
retinae, no cysts or tumors of other organs. The cyst and tumor of 
the cerebellum, however, were identical with those described by 
Lindau. Since Lindau himself states that “the dominant and 
characteristic thing about this pathologico-anatomical complex is 
evidently the occurrence of angiomata in the central nervous sys- 
tem” and proposes the name “angiomatosis of the central nervous 
system” for it, I feel justified in considering my case one of Lindau’s 
disease. 

Report of Case 

Clinical History: K. R. E., a Gennan-American, 30 years of age, was ad- 
mitted to the Bellevue Hospital; New York City, in December, 1905, complain- 
ing of headache, blindness and deafness. The headache began six months before. 
The loss of sight and hearing was of only one months duration. 

Some unsteadiness was apparently noted but no definitely localizing symp- 
toms. The family history was negative as far as could be determined. 

* Received for publication January 2, 1929. 



142 


DAVIDOPF 


A month later a right parietotemporal decompression was done, and a dilated 
right lateral ventrical demonstrated. The operation resulted in temporary- 
improvement. 

Gradually the symptoms increased and were augmented by confusion, hallu- 
cinations and excitement. 

June 22, 1906, he was transferred to the Central Islip N. Y. State Hospital, 
apparently severely demented; without sight or hearing, disoriented, muttering 
and incoherent. His optic discs showed a marked degree of choking. When 
stood upon his feet he fell to the left. As time went on, his head became retracted 
permanently, he became emaciated, and finally died August 26, 1907, of pul- 
monary infection. 

Autopsy 

A complete postmortem examination was made except for the 
spinal cord and retinae. Aside from pneumonia, nothing unusual 
was found in the neck, chest or abdomen. 

Brain: The brain was large with a protrusion in the right cerebral 
hemisphere corresponding to the decompression. The lateral ven- 
tricles were markedly dilated. 

The right cerebellar hemisphere was much larger than the left, 
displacing the pons and medulla toward the left. The pons was 
swollen and grooved by the basilar artery. The medulla was much 
compressed and the pyramids and olives flattened. The whole right 
cerebellar lobe was fluctuant and the folia more flattened than on 
the left. A small conical process of the tumor was apparent on the 
base of this lobe. A section through the protruding mass showed a 
tumor 4 cm. in diameter. The center was cystic and filled with viscid 
gelatinous fluid. The solid part of the tumor was reddish brown, 
hemorrhagic, of loose and spongy consistency. It seemed to be en- 
tirely encapsulated and could be easily shelled out (Fig. i). Sur- 
rounding the growth was an area of tissue destruction, probably a 
result of pressure of the tumor. The cyst appeared to be entirely 
surrounded by tumor, even where the wall was much thinned out. 

Grossly, the cut surface of the tumor showed the presence of small 
lacunae varying from a pin-point to a pin-head in size (Fig. i). 

Microscopic Examination: Low power examination shows the 
growth to be characterized by the presence of many smoothly lined 
lacunae of varying sizes with richly cellular tissue in between (Fig. 
2). With slightly higher magnification the number of spaces proves 
to be much greater, and definite endothelium is seen lining them. 
Some of these spaces are filled with red blood corpuscles while others 
are entirely empty. Some of the larger spaces are actually cavernous 
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in character and possess, outside of the endothelium, a condensation 
of collagen fibers. 

The endothelial cells of the larger vessels are flat with elongated 
nuclei as seen in ordinary blood vessels. In the smaller tumor capil- 
laries the lining cells have rounder, larger, paler nuclei, which fre- 
quently protrude into the capillary luminae and tend to obliterate 
them. 

The cells lying between the capillaries make up a considerable 
part of the tumor. They show no definite cell boundaries and have 
fairly large, oval, pale nuclei with evenly distributed scanty chroma- 
tin. The nuclei vary moderately in size and contain among them 
some that are several times larger than the average (small giant 
cells of Lindau). 

With fat stains most of the cells show coarse discrete fat globifles, 
which Lindau thinks makes them resemble xanthoma cells (Fig. 3). 

Areas of homogenous, faintly staining coUoid-like material are 
occasionally seen, representing in Lindau’s opinion, evidence of 
insufl&cient blood supply (Fig. 4). 

Connective tissue stains show collagen fibers in the walls of the 
larger sinuses and occasional fibers between the capillaries. No glia 
fibrillae are demonstrable within the tumor, and no astrocytes or 
spongioblasts are seen in preparations made with CajaFs gold sub- 
limate impregnation. 


Discussion 

The identity of the tumor in this case with the hemangiomas of 
the cerebellum described by Lindau is obvious when compared with 
his summary of the characteristics of these tumors, which is: 

1. Relatively small size. 

2. Cortical or subcortical position in the lateral and posterior 
aspect of the cerebellum. 

3. Sharp demarcation of the tumor from the brain substance. 

4. Microscopic findings: 

(a) Capillary hyperplastic hemangioma. 

(i) Cavernous spaces. 

(c) Pseudoxanthomatous cells. 

(d) Small giant cell. 

(e) Plasmatic transudate. 
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The occurrence of this type of tumor, though obviously rare, is 
proving, nevertheless, to be more common than one might think. In 
Lindau’s monograph, for example, which was published in 1926, 
fifteen cases are cited, including Lindau’s own as well as the cases 
from the literature. Within a year he was able to report upon four 
additional cases. ^ 

Among Dr. Cushing’s cases eleven examples of cerebellar heman- 
gioblastoma are present. Three of these were autopsied and showed 
no complications outside of the cerebellum as was true of my case. 
Another of Dr. Cushing’s cases which had been successfully oper- 
ated upon was described in detail by him and Bailey.^ This patient 
had an associated hemangioma of the retina, and also gave a history 
to the effect that his father and his father’s sister had died of cystic 
tumors of the cerebellum. 

As to the nature of these cystic hemangiomatous tumors, Lindau 
identifies them with the peritheliomas of Cushing and agrees with 
the latter “that certain of the rare tumors, like the peritheliomas, 
which arise from over the fourth ventricle may originate in the 
structures which Wislocki and Putnam have disclosed” in the arm 
postrema. This is borne out by the fact that they occur in the brain 
only in relation to the rhomboid space, either in the posterior aspect 
of this space or in the lateral and posterior parts of the cerebellum. 
They never occur in the superior vermis where cerebellar gliomas 
have their favorite seat. 


Summary 

The practical importance of a knowledge of these tumors is in 
the first place that, where they occur alone, they are completely 
removable surgically with a resulting cure of the condition. Sec- 
ondly, in the presence of all tumors of the cerebellar hemispheres, 
one must, knowing the associated lesions in cases of Lindau’s disease, 
be on the lookout for angiomatosis retinae and tumors of the meduUa, 
spinal cord, pancreas, kidneys, adrenals, epididymi, etc., especially 
if material gained by operation proves histologically to be hemangio- 
matous in character. The prognosis in the complicated cases should 
be very guarded even if the cerebellar tumor is rernoved in its 
entirety. 
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DESCRIPTION OF PLATE 


Plate 31 

Fig. I. Actual size. Completely encapsulated cystic tumor of right lateral lobe 
of the cerebellum. The larger sinuses are easily discernible as small lacunae. 

Fig. 2. The sharp demarcation of the tumor from the brain tissue may be seen, 
as ■well as the hemangiomatous character of the growth. H and E. X 80. 

Fig. 3. Showing the discrete coarse fat granules in the tumor cells. Fettpen- 
ceau. X 290. 

Fig. 4. An area of colloid-like coagulum seen here and there in these tumors. 
H and E. X 290, 
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Hemangioblastoma of Cerebellum 






STUDIES ON FILTERABLE VIRUSES * 
m. FURTHER OBSERVATIONS ON VACCINE VIRUS 

Robeet N. Nye, M.D., and Feederic Parker, Jr., M.D. 

(From the Thorndike Memorial Laboratory and the Pathological Laboratory of 
the Boston City Hospital, Boston, Mass.) 

In two previous papers/* ^ we have described certain experiments 
in which vaccine virus was successfully cultivated m vitro. It is our 
intention in this paper to report further studies on some of the cul- 
tural, biological and immunological aspects of this virus. Gk)rdon ® 
has recently published his exhaustive study of vaccine virus. In 
this, he has covered several points that we take up but since he was 
working with calf or rabbit lymph, while we used culture virus, we 
feel it worth while to report our results. 

Increase of Virus in Culture 

As described in one of the foregoing papers,^ a strain of vaccine 
virus (VC lo) was cultivated for a period of fifty-six days, during 
which time it was transferred eleven times. Titrations of the virus 
content were made at various times and it was found that the 
eleventh generation contained 51,000 times as much virus as the 
original inoculum. We decided to repeat this experiment using the 
same methods for cultivation and titration. 

The culture (VC 30) was started from bits of infected testis and 
normal plasma. The results are given in Table I. The actual virus 
content at the start was not determined, but after seven days incu- 
bation, it was equivalent to fifty skin doses per culture. The rate of 
increase on the whole was similar to that found in the previously 
described culture, VC 10. The twelfth generation of VC 30 con- 
tained a very large amount of virus. One-tenth of a cubic centi- 
meter of a 1 :5o,ooo dilution of two cultures gave a positive take. 
Since a culture weighed approximately ten milligrams or one- 
hundredth of a gram, a gram of this culture contained 25,000,000 
skin doses. After the twelfth generation the potency rapidly dimin- 
ished. The thirteenth contained only one-fifth as much virus, and the 
fifteenth less than one-hundredth as much virus as the twelfth gen- 

* Received for publication November 21, 1928. 
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eration. Thereafter even the whole dilution failed to give a take. 
Such a record again demonstrates clearly that multiplication of the 
virus takes place under such conditions of cultivation. 

The sudden drop in potency of VC 30 after about three months 
cultivation checks quite closely with another culture (VC 6 A) with 


Table I 

Growth and Titration of Vaccine virus Culture, VC 30 


Gener- 

ation 



Titration 

TakinR 

Virus 

content 

Date 

Split 

Amount used 

Result 

skin doses 
per culture 


Aug. 






I 

4 

1 


2 cultures 

j o.i cc. i: 104- 
o.icc. iiioo— ! 

SO 

I 

II 

II 






III 

18 






IV 

25 


I culture 

O.I cc. 1:500-1- 

0. 1 cc. 1 : 1,000 not done 

5,000 

100 


Sepi. 






V 

I 

yes 





VI 

8 


2 cultures 

O.I cc. i: s,ooo-^ 

O.I cc. 1 : 10,000 ± 

25,000 

1,000 

VII 

IS 

yes 





vni 

19 






rx 

26 


2 cultures 

O.I cc. i: 5 , 0004 - 
o.i cc. i: 10,000— 

25,000 

2,000 


Ocl. 1 



1 



X ' 

3 






XI 

8 

yes 





xn 

IS 


2 cultures 

O.I cc. i: 50,000-1- 

o.i cc. 1 : 100,000 not done 

250,000 

40,000 

XIII 

22 

yes 

I culture 

O.I cc, i: 5,0004- 
o.i cc. i; 10,000 — 

50,000 

16,000 

XIV 

29 







Nov. 






XV 

5 


I culture 

O.I cc. i: 50— 

O.I cc. i; 10 not done 

500 

320 


which positive skin takes were not obtained after ninety-seven days 
incubation. The reasons for such decreases in potency are at present 
obscure. They might be any one or all of these three factors: (i) 
diminution in virulence of the virus even although growth con- 
tinues; (2) cessation of growth; (3) development of viricidal proper- 
ties on the part of the tissues in the cultures. Further studies are 
necessary to elucidate this problem. 
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Certain Factors Involved in Virus Growth 

(A) Necessity of Living Tissue: Having convinced ourselves 
that growth does take place beyond question, we then attempted to 
ascertain some of the factors involved. 

Steinhardt and Lambert ^ concluded that living tissue was neces- 
sary for the growth of the virus. In certain of our control experi- 
ments in which the tissue was not washed or renewed and therefore 
died, we found that the virus did not survive. This was in accord- 
ance with the above-mentioned workers’ views. In order to demon- 
strate this point more conclusively, cultures were set up using testis 
killed by freezing with a control of living testis. The cultures were 
set up with pieces of normal testis (one set frozen, the other un- 
treated) and plasma to which had been added a known amount of 
culture virus. The control showed a strongly positive take in the 
first generation after incubation, whereas the culture made with 
killed testis was negative in both the first and second generations. 
Such a result confirms the view expressed above: namely, that living 
tissue is essential not alone for the growth but even for the survival 
of the virus. It also would argue against the view that the increase 
of virus in cultures is not due to multiplication but due to disintegra- 
tion of inclusion bodies with the consequent setting free of the virus. 

{B) Anaerobiosis: Plotz ® in 1922 described the successful culti- 
vation of vaccine virus in Smith-Noguchi tubes in which conditions 
closely approaching complete anaerobiosis must have been obtained. 
We therefore attempted to determine the effect of such conditions 
applied to our methods. As our culture dishes were sealed with vase- 
line and contained growing tissue, it seemed possible that the oxygen 
in the cultures might be exhausted and that the virus consequently 
was growing anaerobically. Therefore, the air in such a plate was 
analyzed for its oxygen and carbon dioxide content. It was found 
that oxygen was present and was but slightly lower than that of air 
under normal conditions; the carbon dioxide was slightly increased. 
Hence our cultures were not anaerobic. Next, to study this point 
further, we incubated cultures in an atmosphere devoid of oxygen. 
In no instance was there evidence of growth or even survival of the 
virus, for we were never able to get a positive take even with the 
whole dilution of the first generation. This apparent disagreement 
with Plotz’ results made it seem advisable to attempt to repeat his 
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work. Using exactly his technic, we repeated his experiments with 
absolutely negative results. With an original inoculum many times 
as potent as his, we were unable to demonstrate any increase or sur- 
vival of the virus. Since it seemed probable that testis would be a 
more favorable tissue than kidney, several series of tubes were set up 
using this tissue. A questionable take was obtained in one tube in 
the third generation but the duplicate tube was negative as were 
later generations. In short, all our attempts to repeat Plotz’ work 
were unsuccessful. 


Eppect op Temperature 

Using culture vaccine virus, we carried out some experiments 
planned to show the effect of different temperatures on the survival 
of the virus. In every instance the virus content in skin doses was 
known. The resiilts are given in Table II. Twenty minutes at 
55° C apparently completely destroyed the virus while shorter 


Table II 

Survival of Virus at Various Temperatures 


Temperature 

Duration 

Result 

55 ° C 

S min. 

+++ 


10 min. 

++ 


20 min. 

- 

37.5° c 

24 hours 

- 

d^C 

14 days 

++++ 


In this and the succeeding tables, the +’s indicate the degree of intensity of the posi' 
tive takes; a negative take is shown by the sign — . 


periods showed decrease in potency. Gordon^ found that thirty 
minutes at 55° C completely destroyed most samples of calf lymph 
although a few gave weak takes after such treatment. It is interest- 
ing to speculate whether such diminution is due to diminished viru- 
lence of all the virus or to whether an increasing proportion' is killed 
and the takes are due to the few surviving. After twenty-four hours 
37 - 5 ° C no takes could be obtained while at 6° C the virus survived 
at least fourteen days. The suspensions of the virus in each instance 
were made in Locke’s solution. 
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Influence of Hydrogen Ion Concentration 

Culture virus suspensions of known strength were made in 50 per 
cent glycerine containing 5 per cent disodium phosphate, adjusted 
to the desired hydrogen ion concentration. The final dilutions were 
such that o.i cc. originally contained 1,000 skin doses. The tubes 
were kept at 6° C. The results are given in Table III. At pH 5.0, the 


Table III 

Survival of Virus at Various [ff]* at 6° C 


[H 1 + 

2 days 

7 days 

14 days 1 

28 days 

8.0 

++++ 

++++ 


— 

70 


-f- + + + 

+++ 

- 

6.0 

++++ 

+ +++ 


- 

50 

++++ 

++ + 

— 

— 


virus content was diminished after seven days and no virus could be 
demonstrated after fourteen days. At pH 6.0 and pH 8.0, after seven 
days the virus was unchanged but at fourteen days was markedly 
weaker, especially in the pH 8.0 tube. At pH 7.0, the potency was 
undiminished after seven days and but slightly decreased after four- 
teen days. All tubes were negative after twenty-eight days. It would 
appear that the optimum pH for the survival of the virus in gly- 
cerine at icebox temperature is in the neighborhood of pH 7.0. 

Effect of Centrifugalization 

If vaccine virus is particulate, it is reasonable to expect to concen- 
trate it by centrifuging. MacCallum and Oppenheimer® have 
described a differential method for such concentration. In our ex- 
periments a culture virus containing less than five skin doses per 
o.i cc. was centrifuged at about 2,800 revolutions per minute for 
one hour. The fluid at the top gave a moderately positive take when 
undiluted but diluted 1:10 was negative. The fluid at the bottom 
gave a strongly positive take and, diluted 1:10, a weak but definite 
take. Gordon ® obtained similar results. In one of his experiments, 
the fluid before centrifuging was positive up to a 1:10,000 dilution, 
whereas after centrifuging, the top layer was positive only up to 
1:1,000 while the botton layer gave a take at 1:50,000. Such evi- 
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dence would favor either the particulate nature of the virus or the 
association of the virus with particulate matter. 

Filtration 

Casagrandi ^ in 1909 was the first to filter vaccine virus success- 
fully through a porcelain filter. Since then, both successful and un- 
successful results have been reported. Since we were working with 
a culture virus free from cells, we felt that conditions were favorable 
for filtration if such a thing was possible. Two experiments were 
carried out using a small Handler filter. The tightness of the filter 
was controlled by adding to the virus suspension a loopful of bacteria 
from a twenty-hour throat culture on blood serum. Subcultures of 
the filtrate to plain broth were negative. The first virus suspension 
was such that o.i cc. contained 2,500 skin doses. The filtrate did not 
give a take. To rule out the possibility that the virus had passed 
through the filter but not in sufficient amounts to give a take, some 
of the filtrate was used to dilute normal plasma and cultures were set 
up with this and pieces of normal testis. The cultures were carried 
through three transfers and then tested with negative results. The 
second virus suspension was so diluted that o.i cc. contained five 
skin doses. All tests with the filtrate were negative. Gordon,"* like- 
wise, was unable to pass the virus through Berkefeld filters. 

Viricidal Action of Hyperimmune Calf Serum 

These experiments were made possible through the kindness of 
Dr. Benjamin White of the Massachusetts State Antitoxin and Vac- 
cine Laboratory. A calf was hyperimmunized against vaccine virus 
by primary scarification followed by subcutaneous and then intra- 
venous injections over a period of three months. Two weeks after the 
the last injection the calf was bled. Some of this serum was used by 
us in the following experiments. The normal serum employed was 
obtained from the same calf before immunization. 

In the first set of experiments, cultures were set up in the usual 
manner except that instead of diluting the plasma with Locke’s solu- 
tion, it was diluted with two parts of either 50 per cent normal or|5o 
per cent immune calf serum. After seven days incubation each cul- 
ture was ground with sand in the usual way and various dilutions 
were made and tested. The results are given in Table IV. The cul- 
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ture containing normal serum showed definite takes as high as i : loo 
and questionable takes at i :i,ooo and i :5,ooo whereas that to which 
immune serum was added was negative at j.-io. 

In order to titrate the viricidal action of the immune serum in 
vitro, varying dilutions of culture virus were incubated for one hour 


Table IV 

Viricidal Action of Hyperimmune Calf Serum in Cultures 


Culture with Normal Serum 

Culture with Immune Serum 

Dilutions 

Results 

Dilutions 

Results 

i: 10 


1 : 10 


i: 100 

lilil 

i: 100 


i: 1,000 

Hi 

i: 1,000 


i: 5jOOo 


i; 5,000 







Table V 

Viricidal Action of Hyperimmune Calf Serum m Vitro 
(Varying dilutions of virus + an equal amount of undiluted calf serum) 


Virus Dilutions 

Results with 
Normal Serum 

Results with 
Immune Serum 

i: 1,000 



i: 100 

+++ 

++ 


i: 10 





37.5° C with equal amounts of undiluted immune and normal 
serum. The various tubes were then tested as usual by intradermal 
injections. The results are shown in Table V. The virus was of such 
potency that o.i cc. of a 1:10 dilution contained 5,000 skin doses. 
The normal serum neutralized the r :i,ooo dilution but did not affect 
the 1:100 and 1:10 dilutions. The immune serum neutralized 
through the 1:10 dilution. Since o.i cc. of 1:1,000 virus contained 
^ or so skin doses and since 0.1 cc. of normal serum neutralized 
this amount, then i cc. of normal serum could have neutralized 500 
skin doses. Applying the same method of calculation, i cc. of the 
immune could have neutralized at least 50,000 skin doses. 

Since the limit of viricidal or neutralizing power of the immune 
serum was not determined in the last experiment, another was set up 
using fixed amounts of virus, 0.1 cc. containing 500 skin doses, and 
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equal amounts of increasing dilutions of normal and immune serum. 
The tubes were incubated and tested as before (see Table VI). The 
normal serum failed to neutralize even when undiluted whereas the 
immune serum neutralized definitely at a i:i,ooo dilution. On the 

Table VI 

Viricidal Action of Hyperimmune Calf Serum in Vitro 
lyarying dilutions of scrum + an equal amount of virus, diluted i: lo) 


Scrum Dilution 

Results with 
Normal Serum 

Results with 
Immune Serum 

Undiluted 

i 

+ + 

— 

1:10 

+++ + 

- 

i: 100 

+++ 

- 

i: 1,000 

+ +++ 

- 

i: 10,000 

++++ 

dh 


basis of this experiment, i cc. of normal serum could have neutral- 
ized less than 5,000 skin doses while the immune serum was capable 
of neutralizing as many as 5,000,000 skin doses. In the one experi- 
ment tried by Gordon, i cc. of immune serum neutralized 25,000 
skin doses. 


Summary 

1. Further experiments are described demonstrating the multi- 
plication of vaccine virus in tissue cultures. 

2. Vaccine virus could not be cultivated using killed tissues or 
under anaerobic conditions. 

3. The virus when suspended in Locke’s solution, was destroyed 
if heated to 55° C for twenty minutes or to 37.5° C for twenty-four 
hours. 

4. The optimum hydrogen ion concentration for survival of the 
virus in glycerine was found to be pH 7.0. 

5. After centrifugalization, the bottom layer contained more virus 
than the top layer. 

6. The virus could not be filtered through a Handler filter. 

7. Experiments on the viricidal action of h3q)erimmune calf serum 
are described. 
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NEUROEPITHELIOMA OF THE CEREBELLUM* 


Paul C. Bucy, M.D., and Wendell S. Mtjncie, M.D. 

{From the Pathological Laboratories of the Henry Ford Hospital, Detroit, Mich) 

The authors, in reviewing the tumors of the central nervous sys- 
tem in the pathological collection of the Henry Ford Hospital, 
studied one tumor which is so rare in incidence and point of origin 
as to merit a place in medical literature. 

According to Bailey and Cushing,^ neuroepitheliomas are tumors 
composed of primitive spongioblasts characteristically arranged in 
rosettes about central canals, the canals lined by a cuticular mem- 
brane bearing blepharoplasten and presenting cilia upon its inner 
surface, and the outer extremities of the cells fading away as tails 
into the surrounding tissue. These authors state that the tumor 
commonly arises in the spinal cord and the retina. Flexner,® 
Wintersteiner ® and others have described the retinal type, while 
Schlapp,^ Bosenthal,® Thielen and Zinn,® and others have described 
the spinal cord type. 

Bailey and Cushing in their series of 254 classified intracranial 
tumors had no examples of neuroepithelioma. However, in a sub- 
sequent article, Bailey ^ reported a case of neuroepithelioma of the 
left lower frontal lobe. The histological picture in this case corre- 
sponds very closely to the case reported here, as is shown by the 
photomicrographs and by sections of the tumor which we have been 
permitted to examine. 

Just as we were about to submit this article for publication an- 
other case of neuroepithelioma was drawn to our attention, a very 
recent case of tumor involving the fourth ventricle. This case was 
operated upon by Dr. Harvey Cushing and as yet has not been fuUy 
studied. However, the sections which we have been fortunate 
enough to examine seemed typical of this pathological entity. It is 
also very interesting to note that the inner ends of the cells forming 
the rosettes bore definite cilia. This is undoubtedly due to the fact 
that the sections examined were from a specimen removed at opera- 
tion and fixed immediately after its removal. Until this case is more 

* Received for publication January 4, 1929. 
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completely studied, it cannot certainly be classed as a neuroepithe- 
lioma of the cerebellum. 

In 1926 Naeslund® apparently described the first recognized case 
of neuroepithelioma of the cerebellum. This tumor occurred in a 
patient 18 years of age. It was found lying in the fourth ventricle 
and arose from the lateral margin of the anterior medullary velum. 
It had invaded and destroyed the ventral surface of the cerebellum. 
The photographs which accompanied the article and the description 
of the microscopic appearance are typical of neuroepithelioma. The 
columnar cells about the canals showed definite blepharoplasten in 
the inner ends with indistinct tails streaming into the surrounding 
tissue. No cilia were found. 

From a perusal of the vast literature on the subject of brain 
tumors, two other observations were found of probable examples of 
true neuroepitheliomas; (i) a tumor arising near the aqueduct of 
Sylvius described by Roussy, Lhermitte, and Cornil,® and (2) a 
tumor of the left cerebral hemisphere described by Ribbert.^® These 
two descriptions give meager detail of the finer cellular structure, 
but the drawings of the tumor seem characteristic of neuroepithe- 
liomas, Possibly the tumor of the left hemisphere described by 
Uyematsu might be a sixth example but it is difficult to judge 
from his brief description. 

The above cases were the only examples of neuroepithelioma of 
the brain which a careful search of the literature revealed. “Neuro- 
epitheliomas,” it is true, are described in abundance, but a perusal 
of the descriptions convinces one that the term is used loosely to 
include ependymomas and ependymoblastomas, i.e., any tumor 
arising from ependymal tissue and having any resemblance to 
epithelium. Under the title of neuroepithelioma gliomatosum, 
Roman has described a tumor arising from the third ventricle very 
evidently composed of ependymal spongioblasts, and it would there- 
fore be an example, of ependymoblastoma, according to the classi- 
fication of Bailey and Cushing. The tumor of the fourth ventricle 
described by E. Silberberg,^®is doubtless another ependymoblastoma. 
This tumor showed pseudorosette formation, the lumina being blood 
sinuses instead of true central canals. The latter author refers to a 
tumor of the fourth ventricle described by M. Silberberg,^^ but there 
is no report of the histological detail. Cash^® described a tumor of 
the lower medulla and upper cervical cord under the same title 
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which is unquestionably an epend)nnoblastonia, as the tails of the 
cells are well stained and arranged about blood spaces. Gordinier 
and Carey described as a neuroepithelioma a tumor of the choroid 
plexus of the fourth ventricle which invaded the vermis. In the 
photographs it is seen that the rosettes have blood spaces for lumina. 
This is doubtless another ependymoblastoma. 

Hirsch under the title of neuroepithelioma, described a tumor 
of the fourth ventricle. There is no detailed histological report 
given, but according to the illustrations the tumor, although lying 
in the fourth ventricle, does not arise from the medulla or cerebellum, 
but extends up the dilated central canal from the cervical cord. We 
are unable to determine from the information given what tjqje of 
tumor this is. Rosenthal ® mentioned a gliomatous tumor of the 
fourth ventricle which was shown him by Gliicksmann.^® He de- 
scribes this as containing passages lined with cylindrical epithelium, 
but furnishes no other detail. He also mentions a tumor of Strobe’s^® 
which was found in the cerebral hemisphere and contained spaces 
lined with high cuboidal and cylindrical epithelium. Due to lack of 
detail in these cases it is impossible to classify them. 

A tumor of the fourth ventricle arising from the posterior medul- 
lary velum is described by Muthmann and Sauerbeck.®® This tumor 
is composed of columnar cells which occasionally line cavities and 
which possess well stained tails. These tails are gathered together 
in more or less thick bundles which radiate toward blood spaces. 
The authors are uncertain as to the presence of cUia on the inner 
surface of these cells. No mention is made of blepharoplasten. 
Bailey®^ has included this tumor in his description of ependymal 
tumors. This tumor bears a close resemblance to the one to be de- 
scribed here in that there seem to be true canals and the lining cells 
may have cilia. However, the authors are uncertain as to the pres- 
ence of cilia, and canals are few. The tails stain unusually well, 
which is characteristic of ependymal spongioblasts, and we there- 
fore would consider this tumor an ependymoblastoma. 

The epend3nnomas have been described by Bailey.®^ Mallory®® 
reported a case of ependymal tumor which was doubtless an ependy- 
moma. Bassoe’s ®® tumor of the fourth ventricle was said to resemble 
the tumor described by Muthmann and Sauerbeck, but according 
to the author’s statement was less differentiated. From the de- 
scription it would seem to be an epend)Tnoma. 
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As to the remaining tumors which we investigated in the litera- 
ture, it may be safely said that there is no example of neuroepithe- 
lioma fulfilling the criteria set down by BaUey and Cushing. This in- 
cludes Greenfield’s^^ series of forty tumors, Bassoe’s^® series of 
third and fourth ventricle tumors, and Tooth’s series of five hun- 
dred cases. 

Neuroepithelioma of the brain is therefore very rare, four or pos- 
sibly five having been described in contrast to numerous ependymo- 
mas and ependymoblastomas. 

Report of Case 

Clinical History: J. E. S., Case No. 57347, a boy of 5 years and 4 months, was 
admitted to the Pediatric Service of the Henry Ford Hospital on March 18, 
1925, with the complaints of “stomach spells, dizziness, and pain in the back 
of the neck.” 

Family History: Negative. 

Past History: Birth normal, spontaneous. Patient was said to have been 
cyanotic for two days after birth. Feeding normal. For the past two weeks 
the patient has had hiccoughs after eating, ending in vomiting. Development 
normal. Diseases, pertussis, varicella, rubella, possibly scarlet fever. Habits 
good. Weight 38 pounds, a loss of 4 pounds in the past two weeks. 

Present Illness: Previous to the last three months the patient was quite well, 
playful, but whined more or less, the reason for which was unknown. He also 
cried easily. 

At Christmas, 1924, he experienced a “stomach upset,” began vomiting, es- 
pecially in the morning after breakfast, and in the evening after supper, some- 
times during the night. He always complained of nausea before the vomiting 
occurred. He has been constipated during this time, and has complained of 
abdominal pain on using enemas. Pain in the back of the neck bad been sharp, 
and the patient held his head to one side (which side not stated) . Recently he 
has had pain in both arms. During the last few days the patient has complained 
of double vision, and has kept the right eyelid closed. He staggers as if dizzy; 
seems tired all the time. He has lost four pounds in weight in the last two weeks. 

Physical Examination, March 18, iqbs: A well developed and well nourished 
boy. Weight 38 lbs., estimated normal weight 40 lbs. Temperature, 98, pulse 
116, respiration, 24, blood pressure, systolic 75, diastolic 55. 

General Examination: Coated tongue. Large cervical and axillary glands. 
Chest and abdomen negative. 

Neurological Examination: Eyeslits normal; nystagmoid movements on 
fixation either to right or left, slight strabismus; pupillary reactions normal; 
bilateral papilloedema. All tendon reflexes normal; abdominals present. Gait, 
some staggering toward the left. 

March ip, iQ2y. On this date there rvere noted: Macewan’s sign negative; 
weakness of the left external rectus muscle, and diplopia; pupils, right slightly 
larger than the left, regular, reaction to light and on accommodation normal. 
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Lateral nystagmus, on fixation either to right or left, the quick component in 
the direction of fixation. Bilateral choked discs, two diopters of elevation. 
Tongue protruded to the right. Hearing impaired on the left, the patient 
hearing test-sounds at a distance of two feet on the left as compared with six 
feet on the right. Vestibular tests were said to indicate faulty conduction in 
the vestibular pathways bilaterally. Romberg positive, the patient falling to 
the left. Gait, a tendency to fall to the left was noted. Muscular twitchings of 
the arms and legs were observed during the night. 

March 22, IQ25: On this date a definite tache cerebrale was noted. 

Laboratory Findings: Wassermann negative. Intracutaneous tuberculin tests 
negative to 1/20 and i/io mg. Blood and urine negative. 

X-fays of the skull showed slight widening of the coronal suture. 

Diagnosis: On admission a tentative diagnosis of encephalitis was made, with 
brain tumor and meningitis as other possibilities. 

The final preoperative diagnosis lay between (i) tumor of the left cerebello- 
pontine angle and (2) tumor of the left caudal portion of the pons. The patient 
was transferred to the Surgical Service for ventriculograms. Ventricular punc- 
ture was performed on March 23, 1925. On entering the right lateral ventricle 
the cerebrospinal fluid spurted out, evidently under increased pressure, but this 
was not measured. X-rays taken after injection of air into the lateral ventricle 
showed both lateral ventricles and the third ventricle to be enlarged. 

Ventricular Fluid: Pandy negative, cells i, Kolmer negative, Lange and 
mastic curves negative throughout. 

The patient returned from the operating room in good condition and remained 
so until about 5.30 a.m. on March 25, 1925, when his condition suddenly became 
very poor, and he died at 6.00 a.m. of the same day. 

Permission was obtained for postmortem examination of the brain only. 

Necropsy (No. 319) was performed at 2.30 p.m. on March 25, 
1925, by Dr. C. Z. Garber. The verbatim report follows. 


Necropsy Protocol 

External Appearance: “ The body is that of a well nourished, well 
developed little white boy. Embalming has been done and permis- 
sion is for examination of the brain only. In the right parietal region 
the hair is shaved, arid there is a 3 cm. long V-shaped recent surgical 
incision wound. It is located about 3 cm. from the midline and 7 cm. 
from the external occipital protuberance. Below the wound there 
is a small round hole in the skuU. 

Brain: The meninges are not thickened. The dura below the 
trephination wound shows a 2 mm. hole, the borders of which are 
slightly roughened by small blood clots. Venous sinuses are open. 
The brain weighs 1330 gm. Convolutions are slightly flattened, 
and the sulci are rather shallow. Occupying the inferior surface of 
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the left cerebellar lobe and extending over the pons and medulla is 
a whitish gray lobulated tumor mass, a little firmer in consistency 
than the brain itself. The pons is pushed to the right and is very 
much compressed on the left side by an overgrowth of tumor. The 
edges of the tumor are free so that the mass can be shelled out to 
some extent. An attempt is not made, however, to shell out the 
whole mass. Lobules of the tumor extend posteriorly over the ver- 
mis and down over the posterior surface of the medulla and cord. 
Some of the lobules actually project into the foramen magnum. 
The tumor measures 6 cm. laterally, 7.5 cm. anteroposteriorly. It 
appears to be about 2.5 cm. thick. Several brownish red areas are 
visible on the tumor surface, and near the right edge there is a pur- 
plish soft area. The left trigeminal nerve is very much elongated 
and passes around the tumor. The left abducens nerve is a little 
longer than the right. The left facial and acoustic nerves emerge 
from the tumor mass, and are entirely surrounded by it. The edge 
of the tiimor just touches the left glossopharyngeal, vagus, and hypo- 
glossal nerves. The basilar and left vertebral arteries are pushed to 
the right by the tumor, and the left vertebral seems to have been 
somewhat compressed. Lobules of the tumor press on the orifices 
of the foramen of Magendie and the left foramen of Luschka. The 
right foramen of Luschka seems to be partially occluded, due to 
transmitted pressure of the medulla against the right cerebellar 
hemisphere. In the right parietal region beneath the trephination 
wound, there is a small puncture wound in the cortex. On section, 
the third ventricle and the lateral ventricles are somewhat dilated. 
At the level of the aqueduct there is a small puncture wound in the 
roof of the fourth ventricle near its medial border. The pons is 
found to be very much compressed and pushed to the right. The 
fourth ventricle is distorted and in one place is not much more than 
a narrow slit. At this level the tumor is not actually attached to 
the brain. It has a fine spongy gra3dsh white appearance, and toward 
the center of the mass it shows a coarse, spongy, reddish yellow area 
dotted with flecks of old hemorrhage. At the level of the dentate 
nuclei and the inferior olivary nuclei the tumor is firmly attached to 
and replaces the inferior part of the left cerebellar hemisphere. Its 
progress upward is limited by the smooth edge of the white matter, 
but in places it merges imperceptibly with the gray matter. There 
are several cysts filled with translucent gelatinous, greenish gray 
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material, the largest being about i cm. in diameter. The best pre- 
served part of the tumor has a slightly spongy, opaque, grayish 
white appearance. Small hemorrhages and bright yellow flecks pre- 
sent a striking contrast (Fig. i). 

Prmisional Analomical Diagnosis: Glioma of cerebellum. Pres- 
sure occlusion of the fourth ventricle. Slight hydrocephalus.” 

A section of the tumor was stained with hematoxyhn and eosin, 
and the histological diagnosis of glioma was made. 

Microscopic Examination 

Technique: Material was refixed in formalin nine hours postmortem 
and embedded in paraffin. Sections were stained by hematoxylin 
and eosin, phosphotungstic acid hematoxylin, neutral ethyl violet- 
orange G, Van Gieson’s acid picro-fuchsin, del Rio-Hortega’s first 
and fourth variants and Weigert’s iron hematoxylin. Sections were 
also impregnated according to Cajal’s method for non-medullated 
nerve fibers but carried to such a degree that the method lost its 
specificity. The results although serviceable were far from perfect, 
due to previous embalming. 

Microscopic Examination: The characteristic and predominating 
cells in this tumor are columnar, arranged for the most part about 
small canals or cavities forming true rosettes (Figs. 4 and 5). The 
major portion of the cytoplasm, i.e., the columnar portion, lies be- 
tween the nucleus and the canal, while the peripheral end of the 
cell, that portion just beyond the nucleus, is indefinite, and fades 
away into the surrounding tissue. One can make out vague and 
indistinct fibrous processes, which arise from the cell at this point 
and stream out into the “interstitial” tissue. These processes are 
not stained by the usual procedures, although in a very few instances 
in the sections prepared by del Rio-Hortega’s fourth variant a very 
few definite processes can be detected. 

By using the silver pyridine technique described by Cajal for im- 
pregnating non-medullated nerve fibers, but carrying the method 
to a point where it lost its specificity, the tails of these cells were 
beautifully impregnated in one only of a series of sections (Fig. 6). 
This procedure was first used by Bailey in his attempt to demon- 
strate the cells in the case he reported. In applying the method to 
this case we found that the body of the cell rapidly tapered off into 
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a narrow filament which frequently terminated on a blood vessel 
and in other cases ended in a bulbous enlargement. 

In all stains, but particularly in those sections stained by Mal- 
lory’s phosphotungstic acid hematoxyhn, the irregularity of the 
outer ends of the cells, and the complete absence of any external 
limiting membrane is emphasized (Fig. 5). The cytoplasm of these 
cells consists of a finely granular eosinophilic material. At the very 
innermost border of the cell lies a thin cuticular membrane bearing 
numerous darkly stained minute rod-like and spherical bodies. 
These are especially well seen in the phosphotungstic acid hematoxy- 
lin and neutral ethyl violet-orange G preparations. They are un- 
doubtedly blepharoplasten (Fig. 3). (Compare with the illustration 
in Bailey’s Atlas.)^^ On this same surface, lining the canals, can be 
seen in a few instances minute processes which seem to be cilia. 
They are indistinct, however, and may be degenerative products or 
other debris. 

The nuclei are small and of uniform size, about 10 microns in 
diameter. For the most part they are spherical with a moderate 
amount of finely granular chromatin scattered throughout the 
nucleus, slightly more at the periphery than elsewhere. In a few 
instances one large darkly staining granule is present, but most of 
th€ nuclei have no nucleoli. A few mitotic figures are seen, but 
they are far from numerous. 

The rosettes described above, although found throughout the 
tumor, are most numerous at the periphery where they predominate 
almost to the exclusion of all other forms of cellular organization. 
Toward the interior and base of the tumor numerous variations are 
seen. There are many cells grouped in rosette formation without a 
central lumen, the cells uniting with those of the opposite side. On 
the other hand, there are many instances of large cavities lined by 
these same columnar cells. The walls of some of these large cavities 
are thrown into many folds (Fig. 2). Occasionally a large cavity 
fiUed with red blood cells is seen. This is evidently the result of 
hemorrhage into the cavity, for the wall of the cavity is composed 
of columnar epithelium. 

In the space between the rosettes and the cavities are many cells 
identical with the columnar cells but in which the cytoplasm has be- 
come indistinct in outline. These cells are massed together with 
no attempt at organization (Fig. 7). 
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The surface of the tumor in many places is covered by a single 
layer of cuboidal cells indistinguishable from ependymal cells. 

Some sections of the tumor include neighboring areas of appar- 
ently normal cerebellar tissue. At the point of junction of the neo- 
plastic tissue with the cerebellum the comparatively lightly stained 
nuclei of the tumor intermingle with the somewhat smaller and much 
darker nuclei of the granular layer of the cerebellum. This inter- 
mingling of the two tissues is such that there is no definite line of 
separation between them (Fig. 7). In and near these areas the tumor 
cells are in unorganized masses. In a few places along this line of 
junction marked proliferation of the capillary endothelium has 
occurred. 

The tumor is quite vascular, containing many large and thin- 
waUed vessels, well visualized with Van Gieson’s acid picro-fuchsin 
stain. 

The areas about the blood vessels for a short distance are entirely 
free of cells, and are filled with fibrillary material (Fig. 6). This is 
especially evident in the section impregnated by Cajal’s method and 
less so in those by Hortega’s fourth variant. In the latter the cells 
arranged about the smaller vessels present definite, though poorly 
impregnated, fine fibrous processes which radiate toward the vessel 
walls. This is typical of primitive spongioblasts, according to 
Penfield.^® 

The sections stained by the phosphotungstic acid hematoxylin 
method, and those by Hortega’s first variant even more clearly, 
show areas of marked formation of glia fibers. These are formed 
into an intricate network which is particularly dense at some points 
near the periphery of the tumor. In the less dense areas of this 
tissue a few bipolar cells can be found in the silver-stained sections. 

Throughout the tumor, but particularly in that portion farthest 
from its base, are many areas of degeneration. These are definitely 
necrotic and many show hemorrhagic infiltration. The center of 
the degenerated masses, some of which are large, even i to 2 cm. 
in diameter, are acellular, and at the periphery a few poorly stained 
nuclei are seen (Fig. 8). These degenerated areas can also be clearly 
seen in the gross specimen (Fig. i). 

In one section the relation of the tumor to the ependymal lining 
of the fourth ventricle and to the medulla are well shown. The 
orderly arrangement '^f the cuboidal ependymal cells rather sud- 
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denly gives way to the tumor mass. The growth for the most part 
is outside the ventricle. The medulla is compressed but intact. 

Schlapp states that there is a central gliosis in almost all cases of 
neuroepithelioma of the cord. Sections from the upper cervical cord 
and from the fourth ventricle in this case showed entirely normal 
ependyma with no evidence of cellular proliferation. The glia fibers 
surrounding the central canal are slightly increased in number and 
the walls of the central canal show some slight tendency to infolding. 
Sections of lower portions of the cord were not obtained. 


Discussion 

The primitive spongioblast has been described by Bailey and 
Cushing and by Penfield as a direct development of the medullary 
epithelium of the neural tube. These spongioblasts are cells with 
oval nuclei, whose inner ends form the ventricular surface of the 
developing nervous system, while the outer extremities continue off 
as long tails to the external limiting membrane of the neural tube, 
and also, as Penfield has pointed out, to neighboring blood vessels. 
His and Castro have shown that these cells present cilia on their 
inner surfaces and blepharoplasten at the base of the cilia. That 
these cells are the cells forming the major part of this tumor there 
can be no doubt. 

Primitive spongioblasts have been shown to be the forerunner of 
bipolar spongioblasts by Castro, and this fact readily lends itself 
to the explanation of such bipolar cells in this tumor. 

The roof of the fourth ventricle has long been recognized as the 
site of origin of a large proportion of cerebellar tumors. Bailey and 
Cushing have pointed out that the indifferent cells (medulloblasts) 
may occasionally be found near the ependymal lining of the ventri- 
cles, and cerebellar tumors composed of such cells and arising from 
the roof of the fourth ventricle are very common. Twenty-five of 
their twenty-nine cases of medulloblastomas had this origin. 
Pfleger has also pointed this out as a common location for hetero- 
topic groups of cells. 

It is well known that in the adult nervous system the roof and 
fioor plate are points of arrest in the development of epend3Tnal 
cells. Streeter states ; “In the region of the anterior median fissure 
of the cord . . . the neuroglia maintains its primitive epend3Tiial 
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type of simple radial fibers extending from the lumen to the surface 
of the cord.” He also points out that such primitive spongioblasts 
can be found in the posterior median septum of the cord. So in view 
of the prevalence of embryonic rests of this type of cell in the cord 
it is to be ejected that neuroepitheliomas of the cord would be 
common. 

Referring to the medulla and cerebellum, Streeter says: “The 
fourth ventricle is completely covered by the expanded roof plate 
consisting of a thinned-out layer of ependymal cells which is attached 
laterally to the border of the alar plate, the transitional line forming 
the rhombic lip.” And continuing: “At the rhombic lip are found 
cells which retain their primitive embryonic appearance into adult 
life,” and “the ependymal cells at the rhombic lip differ from the 
rest of the epend)ma in that they continue to show active pro- 
liferation late into embryonic life. The same feature is shown 
throughout the whole rhombic lip but is more marked in the portion 
belonging to the cerebellum. ... It is apparent that the cortex 
(cerebellar) formation begins at the rhombic lip.” 

Thus it would seem that this area woiild be one of the most prob- 
able for the development of neuroepitheliomas, and it seems most 
likely that the tumor described, originating from the lateral wall of 
the fourth ventricle and invading the cerebellum, arose from the 
rhombic lip, the resting place of primitive spongioblasts in adult 
tissues, and the point of origin of the cerebellum. 

Considering the prevalence in this region of tumors composed of 
other types of embryonic cells, medulloblastomas, ependymoblasto- 
mas, and epend)TUomas and the existence of an area of primitive 
spongioblasts at this point, it is to be wondered at that neuroepithe- 
liomas of the cerebellum, such as the present case, are not more 
common. 


Summary 

A case of intracranial tumor in a white boy, aged five years and 
four months, duration of three months from the first definite symp- 
toms to sudden death following ventricular puncture, is presented. 
The tumor is situated in the left inferior cerebellar lobe, displacing 
the fourth ventricle, and overhanging the medulla and cord. It is 
^ 7-5 by 2.5 cm. in dimensions, lobulated, vascular, cystic, and 

with hemorrhagic infiltration in the degenerated areas. Histologi- 
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cally the tumor is a true neuroepithelioma, according to the criteria 
set down by Bailey and Cushing for this type of tumor. As such it 
belongs with the brain tumors described by Naeslund, Ribbert, 
Roussy, Lhermitte, and Cornil, and by Bailey. It is the second 
neuroepithelioma situated in the cerebellum to be described. 

Conclusions 

1. Neuroepitheliomas are composed of primitive spongioblasts, 
and, as such, arise from the parent cells of ependymal tissue. 

2. Though more commonly arising from the epend3ana of the 
spinal cord and from the retina, they may arise from ependyma 
elsewhere. 

3 . A review of the literature shows that the case here reported is 
the fifth authentic case of neuroepithelioma of the brain, and the 
second involving the cerebellum. 

Note: We wish to thank Dr. Frank W. Hartman for having 
placed the pathological material and the facilities of his laboratories 
at our disposal, for the photomicrographs which he made, and for 
his kindly assistance and interest. 
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DESCRIPTION OF PLATES 
Plate 32 

Fig. I. Section through the tumor at its center showing its extent, invasion of 
the cerebellum, and relation to the fourth ventricle and the compression 
of the pons. The numerous areas of degeneration and hemorrhagic infil- 
tration can also be seen. 

Fig. 2. Another portion of the tumor showing large cavities lined by primitive 
spongioblasts. The walls of the cavities are thro^vn into folds. The cavity 
on the right contains many erythrocytes, but is obviously not a blood ves- 
sel. Many rosettes can be seen in the intervening tissue. Hematoxylin 
and eosin. 
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Plate 33 

Fig. 3. Single rosette showing blcpharoplasten at the inner ends of the cells. 
Mallory’s phosphotungstic acid hematoxylin. Very high magnification. 

Fig. 4. Characteristic appearance of the tumor at its periphery, showing nu- 
merous rosettes. Hematoxylin and eosin. Low magnification. 

Fig. 5. Rosettes at higher magnification than in Fig. 4. The absence of a limit- 
ing membrane, and the cuticular lining of the canals are characteristic 
features. Note that the peripheral extensions of the high columnar cells 
forming the rosettes do not stain. Mallory’s phosphotungstic acid hema- 
toxylin. 




Plate 34 

Fig. 6. Photomicrograph taken at the edge of a rosette, the edge of the canal 
lies at the right margin, with blood vessels in the center of the field. The 
tails of the cells which are shown very clearly can be seen running from the 
cells about the canal to the neighboring blood vessels. Cajal technic for 
non-medullated nerve fibers, overstained, non-specific. X 800. 

Fig. 7. Junction of the ceiebellum and the tumor. The intermingling of the 
lightly staining indifferent cells of the tumor below with the darkly staining 
smaller cells of the granular laj'cr of the cerebellum above is well shown. 
The tumor cells at this point show no tendency toward organization. Their 
cytoplasm is very indefinite. Hematoxylin and eosin. 

Fig. S. Margin of an area of massive degeneration from the center of the tumor. 
A few cystic cavities can be seen on the left. Hematoxylin and eosin. 
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THE EFFECT OF COMBINED FEEDING OF POTASSIUM IODIDE 
AND ANTERIOR LOBE OF THE PITUITARY UPON THE 
THYROID GLAND* 

Howard Anderson McCordock 

{From the Department of Pathology, Washington University School of Medicine, 

St. Louis, Mo.) 

In a series of studies on compensatory hypertrophy of the thyroid 
gland Loeb ^ has shown that the oral administration of potassium 
iodide in partially thyroidectomized animals not only fails to prevent 
hypertrophy but may even stimulate regenerative activity, while the 
feeding of anterior lobe of pituitary gland has an inhibiting effect 
preventing even moderate degrees of hypertrophy and causes a 
hardening of the colloid and a lowering of the acinus cells. The effect 
of potassium iodide on the normal intact th)T‘oid has also recently 
been studied and a method evolved for determining the proliferative 
activity in a definite and quantitative manner by estimating the 
number of mitoses in the gland at any given time.^’ ® By this means 
the stimulating effect of iodine on mitotic proliferation in the thyroid 
has been established. 

In view of the antagonistic action of these two substances on thy- 
roid activity in compensatory hjqjertrophy, it seemed interesting to 
see if the stimulating effect of potassium iodide would counteract 
the inhibiting action of anterior pituitary substance, or vice versa, 
when both are fed to the same animal. If these two substances com- 
pletely neutralized each other, as far as their influence on the thyroid 
is concerned, it should remain unaltered, but if one were dominant 
the degree of its influence could be ascertained by estimating the 
mitotic activity of the gland. 

The experiments to be described concern the efi^ect of such com- 
bined feeding with potassium iodide and anterior pituitary on the 
thyroid gland; the result of administering each of these two sub- 
stances separately to different animals and a comparison of these 
three types with normal thyroids from control guinea pigs. 

Three series of experiments were carried out. Guinea pigs were 
used and in each series there were four groups : (a) animals fed with 

* Received for publication October 26, 1928. 
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KI, each receiving a daily dose of 0.05 grams, made up in a pill; 
(b) those fed one $ grain tablet of anterior pituitary (Armour & Co.) 
every day; (c) others receiving daily both the 5 grain pituitary tablet 
and the 0.05 gram pill of KI; and (d) control animals. The four 
groups of each series were kept under as nearly identical conditions 
as possible. All received the same kind of food and at the end of the 
experiment were killed with chloroform and the thyroid glands were 
fixed in Zenker’s fluid. Serial sections were made of all the thyroids. 

The number of mitoses in each gland was computed by counting 
those in every tenth section. This estimate constitutes a reliable 
index of mitotic proliferation in the thyroid gland. In studying the 
sections the size of the acini, the character of the cells and the con- 
ditions of the colloid were compared. 

I. The Number oe Mitoses 

Animals Fed with KI: In the first series five guinea pigs were fed 
KI for twenty days and showed an average of 498 mitoses in the 
whole thyroid. The number of cells in division in this group was less 
than had been encountered in previous experiments in this labora- 
tory. This difference could be partly accounted for by a slight loss 
in weight sustained by some of the animals during the course of the 
experiment, for it has been observed (by Loeb and by Rabinovitch) 
that the degree of compensatory hypertrophy diminishes and that 
potassium iodide fails to call forth the maximum karyokinetic re- 
sponse during periods of underfeeding when the animals are losing 
weight. However, some of these guinea pigs gained in weight and 
still showed lower counts than one would expect from the histologi- 
cal character of the sections, suggesting that perhaps this batch of 
animals happened to be more sensitive to KI and that therefore at 
twenty days the period of maximum activity had already passed and 
the thyroid was then approaching the next stage in which mitotic 
activity shows a noticeable decline. Because of this experience, in the 
second and third series the animals were fed KI for a period of only 
fifteen days. The average number of mitoses for both these groups 
was 1919. 

Pituitary-Fed Animals: Altogether ten animals were fed each 
a 5 grain tablet of anterior pituitary daily. In five, the feeding ex- 
tended over a period of twenty days and in five, for a period of 
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Table I 
First Series 

Potassium Iodide Feeding Pituitary Feeding 

Guinea pig No. of Mitoses Guinea pig No. of Mitoses 


I 

370 

S68 

392 

460 

700 

T T . . . . 


2 

3 

4 

5 

12 

13 

14 

15 

56 

21 

48 

70 

Average 

498 

Average 

46 


Second Series 


6 

1710 

16 

— 74 

7 

1697 

17 

55 


Third Series 


8 

2130 

18 

80 

9 

2250 

19 

107 

10 

1810 

20 

76 

Average 

1919 

Average 

78 

Average for all tliree series. 

CO 

0 

M 

Average for all three series. .62. 


First Series 


Potassium Iodide and Pituitary Feeding 

Controls 


21 

Died 

33 

85 

22. 

U 

•ZA 

.... 130 

23 

it 

35 

.... 92 

24 

150 

36 

196 

2 S 

214 



Average 

182 

Average 

125 


Second Series 


26 

142 

37 

170 

27 

160 

38 

.... 60 

28 


50 . . 

40 

29 

80 



Average 

125 

Average 

.... go 


Third Series 


30 

96 



31 

130 



32 

no 




Average 112 


Average for all tliree series . . 133 


Average for all controls. . no 
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fifteen days. The average number of mitoses was 62 for these ten 
animals. 

Combined Feeding with KI and Anterior Pituitary: The average 
number of mitoses in this group, comprising nine animals, was 133. 
In addition there were three animals in the first series which died 
before the twentieth day and were not included in this list. 

Control Animals: In the control animals the average number of 
mitoses was no per gland. A summary of the mitotic counts will be 
found in Table I. 

n. Effects of KI and Pituitary Separately and in Com- 
bination ON THE Structure of the Thyroid Gland 

Control Animals: The normal guinea pig thyroid is composed of 
small to medium-sized acini, the largest ones usually being situated 
at the center of the gland. Three zones of acini can usually be dis- 
tinguished; the peripheral and central areas contain large acini and 
the intervening zone is made up of smaller acini. Low cuboidal 
epithelial cells with prominent nuclei line the acini that contain solid, 
homogenous, intensely staining, slightly retracted colloid. There 
is, however, considerable variation in structure in different animals. 
The size of the acini may vary and at times the colloid is somewhat 
softer, staining less intensely with eosin and showing vacuoles in the 
peripheral zone. Phagocytic cells are now and then seen in the col- 
loid, though this is a rare occurrence in normal glands. In older 
guinea pigs collections of l3nnpho(ytes may occasionally be found in 
the connective tissue of the stroma. 

Potassium Iodide-Fed Animals: The histological appearance of 
thyroids from animals fed with KI has been dealt with at length in 
papers by Glay ^ and Loeb and Rabinovitch.® The changes in the 
thyroids of this group are essentially the same as those described by 
them. Briefly, the changes in the first series that were fed for twenty 
days are as follows; The acini are larger than in the controls and, at 
first glance, their epithelium seems on the whole more flattened than 
normally, except where there is mitotic division. This apparent 
flattening, however, is evidently due to the pressure exerted on the 
epithelium by the increased content of the acini and one can readily 
see that in places where no pressure is exerted on the acinar cells 
they are larger than normally, and even in large distended acini 
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where they are spread out to cover a larger surface their volume is 
unquestionably greater than that of the same nxunber of cells in con- 
trol animals. A feature concomitant with these changes is a great 
reduction in the amount of solid colloid, it being replaced by lique- 
fied colloid which either stains very lightly or does not stain at all. 
Under low power the great variation in the amount of solid and lique- 
fied colloid in the different acini is very striking. Groups of pha- 
gocytic cells are found in the colloid within many of the acini and 
form a very marked feature in this twenty-day series. 

The changes observed in the two fifteen-day series are not as 
obvious as those just described. The size of the acini and character 
of the colloid do not differ much from the controls. The epithelial 
cells, however, are somewhat hypertrophied and increased in num- 
ber. They also show many mitotic figures. The number of phag- 
ocytes in the colloid is not as great as in the twenty-day series. 

Anterior Pituitary-Fed Animals: Thyroids of this group show 
acini crowded closely together and completely filled with a very 
solid intensely staining and non-vacuolar colloid. The absence of 
retraction of the colloid from the lining cells is a distinctive feature 
of the pituitary-fed animals. Everywhere the epithelium is very low 
as if compressed by the colloid in the distended acini. At the center 
of the gland an occasional large acinus has a slightly softened, pale, 
bluish colloid, and it is in the epithelium of these that most of the 
remaining mitotic figures are fovmd. The acini in this group are also 
on the whole noticeably smaller than in the controls. 

Combined Feeding with KI and Anterior Pituitary: Thyroids from 
these animals show certain variations depending upon the length of 
feeding. Those fed for twenty days (only two animals) have a cen- 
tral zone composed of a small number of rather large acini some of 
which contain a soft, light-staining colloid. In some of these acini a 
few phagocytic cells are found, though they are not munerous. The 
rest of the thyroid about this central zone is composed of small to 
medium-sized acini distended with a dense solid colloid extending to 
the cells but not compressing them as in the pituitary animals. In 
this outer zone the acini are dose together but are not often crowded 
sufficiently to obscure all traces of the loose connective tissue stroma 
seen in normal glands. 

Those animals fed for only fifteen days show essentially the same 
changes except that the central zone of large acim with softened 
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colloid is absent and acini with solid colloid are seen throughout the 
gland. Even in this series an occasional acinus with pale-staining 
colloid is found in the center of the thyroid but phagocytic cells are 
entirely lacking. The acini are small and are lined by a low to me- 
dium-sized epithelium but are not as noticeably compressed or 
flattened as in the twenty-day series. The acini are in some places 
close together but for the most part are slightly separated by thin 
strands of connective tissue. 

The appearance of these thyroids stands midway between those 
from normal and those from pituitary-fed animals. Their acini are 
about the same size as in the normal gland but are separated by less 
stroma. They are, however, not as crowded as in the pituitary 
animals. The epithelium is slightly flattened but not compressed 
into a thin strand of cells as is often seen in the pituitary group. 
The coUoid is hard, stains intensely with eosin and completely fills 
the acini; it is not vacuolar and is uniform in amount, thus differ- 
ing from the normal. 

These glands then show the influence of anterior pituitary sub- 
stance. It might be possible to so balance the dosage of these two 
substances that the thyroids would retain their normal character- 
istics and not approximate the condition found in animals fed either 
with KI or with anterior pituitary gland. 

Discussion 

From these experiments it may be concluded that the marked 
mitotic proliferation induced so readily in the thyroid of guinea pigs 
by potassium iodide is prevented by anterior pituitary gland when 
both are fed to the same animal. These two substances adminis- 
tered separately are antithetical in their action on the thyroid; an- 
terior pituitary gland depressing proliferative and probably also 
functional activity as indicated by a decided drop in the mitotic 
count below the normal level and by the appearance of small acini 
filled with a dense deeply staining colloid, while KI causes marked 
stimulation, in the initial stage of its action at least, with enormous 
increase in the number of mitoses and with the appearance of a 
softened, pale, vacuolar colloid containing phagocytic cells. The 
condition of the thyroid which follows feeding of both these sub- 
stances to the same animal is due to their direct action on the gland 
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itself, and not an effect which they exert upon each other before 
absorption from the gastro-intestinal tract, because changes in the 
thyroid are the same whether both drugs are fed simultaneously or 
whether one is fed in the morning and the other in the evening pre- 
cluding any chance of direct interaction between them. 

The stimulating influence of iodine and depressing property of 
anterior pituitary substance can be balanced in such a maimer that 
an approximately stationary or resting condition in the thyroid re- 
sults. In some respects anterior pituitary substance produces 
changes in the thyroid gland analogous to those induced by thyroid 
itself or by thyroxin. Loeb has shown that thyroid as well as pitui- 
tary substance prevents the compensatory hypertrophy that follows 
extirpation of a major portion of the thyroid gland, leaving open the 
question as to what constituent of the preparation of anterior pitui- 
tary (Armour & Co.) is responsible for this effect. 

From these experiments it is impossible to determine the exact 
manner in which pituitary substance exerts its influence upon the 
thyroid gland. All that one can say is that anterior pituitary hor- 
mone in some way depresses the activity of the thyroid and holds in 
abeyance its capacity for responding to the stimulating effect of 
potassium iodide. 


Summary 

Oral administration of anterior pituitary tablets (Armour & Co.) 
causes a depression in the activity of the thyroid with a marked 
lowering of the number of mitoses in the entire gland and with me- 
dium-sized, or somewhat smaller, acini distended with hard coUoid 
compressing the lining epithelium into thin strands of cells. 

During the first stage of its action, potassium iodide, on the other 
hand, produces marked stimulation with enormous mitotic activity 
and a slightly softened colloid occasionally containing large numbers 
of phagocytic cells. 

The early proliferative change induced in the thyroid gland by 
potassium iodide is prevented by anterior pituitary when both these 
substances are fed to the same animal. 

Note: The author is indebted to Professor Loeb for suggesting 
this problem and for advice and assistance during its preparation. 
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DESCRIPTION OF PLATES 
Plate 35 


Fig. I. Normal thyroid. X 280 

Fig. 2. Fifteen days feeding -with KI. Several mitotic figures are present near 
the center of the picture. X 280 
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Plate 35 
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Plate 36 

Fig. 3. Thyroid from animal fed anterior lobe of pituitarj'- gland for fifteen 
da3's. X 2S0 

Fig. 4. Combined feeding with KI and pituitarj^, fifteen daj^s. X 280 
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Plate 37 


Fig. 5. KI feeding for twenty days. Compare with Fig. 2. Note large acini 
with soft colloid containing phagocytic cells and absence of mitoses and 
hypertrophic epithelium. X 300 

Fig. 6. From same animal as Fig. 5. Note large acini. One in lower left-hand 
corner shows a constriction at the middle indicating the manner in which 
these large acini are formed by coalescence of two smaller ones. X 300 
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FENESTRATIONS OF THE SEMILUNAR VALVES * 

Arthur N. Foxe, M.D. 

{From the Bellemie Hospital, Hew York, N. Y.) 

The following is largely a statistical study of fenestrations of the 
semilunar valves of the heart in 300 successively observed hearts. 
With but few exceptions, the specimens were examined at the au- 
topsy table. 

The literature of this subject is scant and to my knowledge there 
are no numerical, statistical studies. From a review of textbooks of 
cardiology and anatomy, it is easily apparent that there is much 
confusion as to the nature and frequency of these valve defects. It 
seems to be generally accepted that they are of no clinical signifi- 
cance. 


Frequency 

(a) There were one or more fenestrations in 82 per cent of all cases. 


In 53 cases no cusps were involved 
“71 “ I cusp was “ 

“ 65 “ 2 cusps were “ 
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(b) The aortic and puhnonic valves were involved wdth a negli- 
gible difference in frequency. 

Aortic in i88 cases 
Pulmonic in 187 cases 


(c) In an estimation of the total number of fenestrations the fre- 
quency of the pulmonic involvement exceeded the aortic (pulmonic 
1045, aortic 789) ; whereas in an estimation of the total number of 
cusps involved the reverse was true (pulmonic 314, aortic 325). 

* Read before the New York Pathological Society, November 18, 1928. 

Received for publication November 7, 1928. 
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Age 


The age groups, average number of fenestrations per case and age 
frequency of patent foramen ovale are given in the following table: 


Age Group 


Number 
of Cases 


Number of Per cent 
Fenestrations Patent Foramen 
per Case Cvale 


Fetus 3 1.3 66 

2 years and less 20 .7 60 

2-10 years 19 4.1 37 

2nd decade 6 3.3 o 

3rd “ 25 5.9 12 

4tli “ SI 8.0 22 

StF “ 82 6.3 13 

6th “ 62 7.0 21 

7th “ 29 7.8 10 

8th “ 3 2.5 33 


It is evident that the frequency of fenestrations increases with age 
from the fetus to the fourth decade. After this there is a slight de- 
crease, possibly due to the increasing frequency of sclerotic changes 
which obliterate small defects. 

Of the cases under 10 years of age (42 cases), 40 per cent had no 
fenestrations. Of those over 10 years of age (258 cases), 14 per cent 
had no fenestrations. 

There is no evidence to prove that fenestrations are developmental 
defects. It is even questionable whether there is any cause in an in- 
herent endocardial or connective tissue weakness. The fenestrations 
form a pathology fundamentally mechanical in origin. Those few 
present at birth may be acquired from the mechanical effects of the 
intra-uterine fetal circulation. On the other hand, the frequency 
of patent foramen qvale, a distinct developmental defect, decreases 
with age and especially so after the first few years of life. This de- 
crease may be due to later closure or to association with other de- 
velopmental defects that lead to early death. In statistical studies 
of the frequency of patent foramen ovale it is essential that age 
groups be given. In this series of cases the frequency of this defect 
was 22 per cent. 

It is interesting to note that in the three cases that showed marked 
developmental defects (bicuspid puhnonic valve, quadricuspid pul- 
monic valve, interventricular defects), there were no fenestrations; 
however, the latter two of the three cases had a patent foramen ovale. 



PENESTBATIONS OP SEMPLUNAP. VALVES 


l8l 


Sex 

In the female the valve leaflets are less frequently involved. In 
males, aortic, pulmonic, or both valves were uninvolved in 55 per 
cent; in females, in 64 per cent. 

Etiology and Classdfication 

Mechanical: (a) Circulatory (persistent strain of current). 

(&) Traumatic. 

(c) Ulcerative (infection plus strain of current). 
Apparently the most frequent cause is the persistent strain of the 
blood current against the valve leaflets. It is questionable whether 
the perforations of ulcerative endocarditis or trauma (one case of 
each in this series, the latter due to a bullet wound) should be in- 
cluded in a classification of fenestrations. An understanding that 
the defects are all fundamentally mechanical in origin would justify 
such a classification. 

Nature and Variety op the Fenestrations 

The most frequent site of the fenestrations is adjacent to the at- 
tachment of the free edge of the cusp to the aortic intima. The fen- 
estrations are usually ovoid apertures, with the long axis parallel to 
the free edge of the valve, and are apparently defects ^ in the endo- 
cardium that bridges the spaces between the connective tissue 
strands of the valve stroma. The defects may be single or multiple 
and may form large gaps in the valve surface. Across these gaps the 
remnant strands of fibrous tissue cross and intersect each other to 
form a veritable network which at times has a peculiar anatoihic 
beauty. 

The fenestrations occur less frequently along the free edge of the 
valve, and then as a rule well away from the corpora arantii. Due 
to adhesions of the free edges of two cusps the fenestration may 
permit no communication with the heart cavity, but form, instead, 
a passage between two sinuses of Valsalva. 

Very large numbers of fenestrations are rare. In one case, a man 
aged 25, the aortic valve had 36 and the pulmonic valve 26 fenestra- 
tions. All of the leaflets were involved. Rarely the fenestrations are 
so fine as to defy count with the naked eye. This occurs in valves 
that have become markedly sclerotic and thickened. 
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Clinical Significance 

Clinical data were lacking in so many cases that it was impossible . 
to correlate any of the findings with murmurs, blood pressure read- 
ings, etc. In two cases the fenestrations were so large and numerous 
as to bring to mind the possibility of an aortic insufficiency. In one 
of these, with a non-dilated aortic orifice the fenestrations occupied 
at least one-half the valve area. 

Summary 

1. In a series of 300 cases one or more fenestrations occurred with 
a frequency of 82 per cent. 

2. The frequency of pulmonic and aortic involvement was ap- 
proximately equal. 

3. Fenestrations, which are acquired defects, increase in fre- 
quency with age, 

4. Patent foramen ovale, which is a developmental defect, de- 
creases in frequency with age. The total percentage for the fre- 
quency of the occurrence of this defect was 22. 

5. Classification, nature and variety of the fenestrations are 
briefly discussed. 

6. It is possible that fenestrations may occasionally cause an 
aortic insufficiency. 

My thanks are due Dr. Charles Norris, Chief Medical Examiner, 
and Dr. Douglas Symmers, Director of Laboratories at the Bellevue 
Hospital, for permission to study and report these cases. 

Note: Since the submission of this paper for publication I have 
observed a large perforation of one of the aortic leaflets, appar- 
ently due to an atherosclerotic ulcerative process. Interesting also 
are the experimental perforations of the semilunar valves in 
animals. These were followed by evidences of aortic insufficiency 
(Herrmann, G. R. Am. Heart!., 1926, i, 671). 
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SO-CALLED INFECTIOUS SARCOMA OF THE DOG IN AN 
UNUSUAL ANATOMIC SITUATION * 

William H. Feldman, D. V. M., M. Sc. 

{From the Division of Experimental Surgery and Pathology, The Mayo Foundation, 

Rochester, Minn.) 

Few animal tumors have been the subject of more investigational 
study than the so-called infectious sarcoma of dogs. This growth is 
also known to veterinarians as ‘'venereal granuloma” and as “ve- 
nereal lymphosarcoma.” The disease is not infrequently seen in ken- 
nels which house large numbers of dogs, and it occasionally appears 
in individual dogs not associated with kennel life. Practically all 
who have studied the condition agree that the primary focus of the 
disease is either the penis of tlie male or the vagina of the female, and 
that the disease is transferred to unaffected, susceptible animals by 
affected animals during the act of coitus. 

Although the literature of the subject is known to many, it would 
seem apropos, in view of the unique site of the tumors in the case 
which constitutes the basis of this paper, to give a brief summary of 
the more important published reports ' concerning this interesting 
tumor. 

Nowinsky ^ is given credit for the first published observations on 
this tumor. He reported a transplantable neoplasm which was re- 
moved from the vagina of a bitch and which recurred after a period 
of three months. He diagnosed the tumor myxosarcoma, and it was 
successfully transplanted subcutaneously into three puppies, aged 
eight days, fourteen days, and two months respectively. Metastasis 
was not observed. 

Wehr ^ reported successful transplantation of the tumor which he 
considered a carcinoma. Geissler ® also considered the growth to be 
a carcinoma, although Hansemann discussing Geissler’s paper was 
of the opinion that the tumor was not a carcinoma. 

Duplay and Gazin ^ were the first to suggest the possible inflamma- 
tory nature of the growth, although in one of the animals which bore 
successful transplantation of the tumor, metastasis to one testicle 
was noted. Bashford, Murray and Cramer,® after a careful study of 
* Received for publication January i8, 1929. 
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the disease denied that it was neoplastic and, although they admitted 
that there was histologic resemblance between this growth and 
round-cell sarcoma, they concluded that “ these tumors of the vagina 
and penis of the dog are connective tissue reactions to a living virus 
which has not yet been demonstrated.” 

In a series of papers dealing with this tumor, Smith and Wash- 
bourn ® described an instance in which twelve bitches were 
served by a dog affected with a tumor on the penis. Vaginal tumors 
developed in eleven of the bitches. Three of the bitches which pos- 
sessed transplanted vaginal growths were served by a second male 
on whose penis a tumor developed subsequently. The second male 
in turn served two unaffected bitches and a vaginal tumor developed 
in one. These authors also recorded a case in which a healthy dog 
was permitted to serve a bitch with a vaginal tumor and, in spite of 
the fact that the penis was frequently washed after coitus, a number 
of small growths developed on the part. They noted that trans- 
planted growths were visible within one week after inoculation as 
small “glistening elevations about the size of millet seeds, mostly 
transparent but sometimes blood-stained. They looked like vesicles, 
but when they were pricked they proved to be sohd.” In three in- 
stances, Smith and Washbourn found the inguinal lymph nodes in- 
vaded with metastatic tumor cells, and in one dog metastasis was 
present in the liver and the spleen. They considered that the highly 
bred and more sensitive breeds, and dogs in poor general condition, 
offered more favorable environmental conditions for the growth of 
the tumor than were offered by the mongrel type or those that are 
weU nourished. They noted spontaneous recovery with immunity 
to subsequent exposures in several instances. 

From the results obtained in a series of inoculation experiments 
and from a general study of the disease, Smith and Washbourn noted 
that death may occur from “cachexia. or from kidney disease, the 
result of obstruction of the ureters or from septic poisoning owing 
to sloughing of the growth.” They concluded: (i) the tumors are 
infective round cell sarcoma; (2) they can be transplanted from the 
genitals, where they naturally occur, to the subcutaneous tissues of 
dogs; (3) they can be transplanted from the subcutaneous trans- 
plants in like manner through a series of dogs; (4) their spontaneous 
disappearance may occur with or without ulceration; (5) death may 
occur from metastatic deposits of the tumor in the viscera; and (6) 
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if tlie tumor disappears, the animal is then immune to subsequent 
inoculation. 

Sticker,®’ “ who considered the growth to be a round cell sar- 
coma, made several important observations concerning its physio- 
logic and pathologic aspects. He noted tliat successful transplants 
were possible in the spleen, bone and peritoneum, as well as in the 
skin. He was able also to secure successful transplants in two of 
three foxes which were used, but he was unsuccessful with cats, rab- 
bits, guinea pigs and mice. In 16 per cent of all dogs with trans- 
planted tumors in Sticker’s series, the growths disappeared spon- 
taneously, and these animals were immune to reinoculation. Stidcer 
experimented with the viability of the tumor cells and found them 
quite resistant to extremes of temperature. They remained viable 
after twenty-four hours of exposure to a temperature of — 14° C, 
and after two hours of exposure to 50° C. On the other hand, at- 
tempts failed to produce growths from cells which were kept at 
— 11° C for twenty-five days and from cells whicli had been sub- 
jected to crushing. Neither did growths result from filtered or cen- 
trifuged emulsions of cells. 

AVhite’s^ observations concerning the contagiousness and ma- 
lignancy of the tumor are of interest. Two pure-bred bull bitches 
were served by an apparently healthy male, and vaginal tumors de- 
veloped in both shortly after whelping. In one of the dogs, a mam- 
mary growth also appeared. Both bitches were operated on and 
after removal of the tumors they recovered completely. They re- 
mained well, were bred twice afterward, and each gave birth to nor- 
mal litters. The male used to breed the first two bitches also served 
four other females, in all of which the growths developed and they 
died iq. consequence of them. One of the first two bitches was served 
by three other males, and all died of the disease. 

White beheved that these growths have several features in com- 
mon with infectious diseases, but he concluded that the growths 
which occur following inoculation have their origin from the trans- 
planted cells and not from a separate infective agent. White also 
pointed out certain differences between the tumor and the usual 
forms of sarcoma. He mentioned the marked contagiousness of the 
venereal growths and the relatively mild mahgnancy of the ma- 
jority of these tumors in that they show little tendency to infiltrate 
the surrounding tissues and do not often produce metastasis. 



i86 


FELDMAN 


Beebe and Ewing undertook to show by experiments with trans- 
plantation the exact manner of origin of the tumors which resulted. 
They transplanted small grafts of tumorous tissue subcutaneously 
and made histologic studies of excised portions at intervals of one 
to twenty-one days. This was done in an attempt to determine 
''whether the growth comes from the proliferation of the trans- 
planted cells or by stimulation of the surrounding tissue cells as 
maintained by Bashford, Murray and Cramer.” Beebe and Ewing 
found that in transplants all the tumor cells do not die; some at the 
periphery remain alive. These undergo mitosis and "leave no doubt 
that the transplanted cells give rise to the tumor.” Concerning the 
nature of the disease, these writers were "forced to conclude that 
the infectious lymphosarcoma of dogs is a true malignant neo- 
plasm.” They admitted, however, their inability to determine the 
exact tissue cells involved in the histogenesis of the tumor. At the 
time of Beebe and Ewing’s report, the tmnor with which they worked 
was in its fifth generation, and thirty-five tumors had developed in 
the twenty-nine dogs used. Their paper includes a rather complete 
description of the clinical aspects of the disease, and they stated 
that in both sexes isolated tumors may occur anywhere over the 
body as well as in the spleen, kidney, liver and lung. 

Wade also conducted a rather exhaustive investigation of the 
disease during the course of which he successfully inoculated two 
fox cubs. The animals died, much emaciated, after the tumors had 
attained the size of about 2 by i cm. 

Rabbits, rats and guinea pigs resisted successful transplantation 
of the tumor, and six dogs that had recovered spontaneously from 
previous successful inoculations apparently were immune to at- 
tempts at reinoculation. Wade observed interstitial nephritis in 
many successfully inoculated dogs, and he thought this lesion repre- 
sented the effect of a soluble toxin from the tumor cells and con- 
stituted the strongest evidence advanced up to that time in favor of 
the disease being an infective granuloma and not a true neoplasm. 

It was Wade’s opinion that the growths which occurred as a result . 
of inoculations of tissue had their origin in part from the vigorously 
dividing peripheral cells of the tissue which was introduced, and in 
part from the surrounding connective tissue fibroblasts which be- 
come altered in the process of repair and assume an immature 
■sarcpmatous nature. He therefore considered the growth to be an 
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infective sarcoma, a tumor belonging “to the borderline between the 
infective granulomas and the true neoplasms.” Those tumors which 
arise after natural infection Wade believed to consist of cells derived 
entirely from the tissue of the host. 

In another report by Beebe, the correctness of considering these 
growths to be of an infectious nature was questioned. Beebe felt 
that evidence in support of the action of microorganisms in their 
genesis was lacking and brought out the fact that successful trans- 
fers of the tumor had been accomplished only by means of a living 
tumor cell. Beebe again expressed his belief in the true neoplastic 
nature of the process. 

Crile and Beebe subscribed to the view that these growths are 
neoplastic as follows: “From the total available evidence we are 
convinced that the process is a true tumor.” These workers made 
some extremely significant observations concerning the curative 
value of blood from animals that had recovered spontaneously. In 
brief, they effected direct transfusion of whole blood from an animal 
that had recovered spontaneously and therefore was immune to 
an animal with an actively growing tumor. Of ten tumorous dogs 
that were the recipients of transfused blood, seven were cured, and 
in two the transfusion apparently produced marked inhibition or 
regression of the growth. Crile and Beebe did not think the protec- 
tive or curative properties that were exhibited were analogous to 
bacterial immunity, nevertheless, tliey thought that there was pres- 
ent a specific factor capable of rendering an affected animal passively 
immune. 

Two other papers that have to do with the use of certain bio- 
logic products in the treatment of these tumors were written by 
Bergell and Sticker and by Beebe and Tracy. Bergell and Sticlcer 
were able to cause complete disappearance of the tumor, in cases in 
which spontaneous recovery was unlikely, by injection of a specific 
hepatic ferment. In one case, with metastasis to l3miph nodes, in- 
jection of the hepatic ferment caused regression which extended to 
the involved node. Following the injection, the tumors became cystic 
with marked phagocytic action by macrophages, and, in place of the 
numerous mitotic figures which characterize the tumor in its pro- 
gressive stage, the injected tumor was quite devoid of mitotic figures. 
Beebe and Tracy demonstrated the destructive influence of certain 
bacterial toxins on the tumor. Tumors at a distance from the in- 
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jected growth regressed simultaneously with those injected. In one 
instance, an animal with four transplanted tumors received four 
injections at some distance from the growths, and six weeks after the 
first injection the tumors had completely disappeared. The authors 
were not convinced that the effect produced was peculiar to the bac- 
terial toxin used, since they closed by saying, “It seems possible . . . 
that an equal bulk of any toxic organism would exert a similar de- 
structive action.” 

Novak and Craig recently reported one case, and after review- 
ing the literature they concluded that the weight of evidence seemed 
to substantiate the contention of Beebe and Ewing that these 
growths are true tumors and not inflammatory granulomas. 

Attesting to the universal distribution of the disease is the state- 
ment of Seligmann that the disease was endemic in New Guinea 
before the advent of the white man and hence was not dependent for 
its appearance on imported dogs. 

Since the disease as observed by the investigators mentioned in- 
volved the genitals, the finding of tumors histologically similar in 
every detail to the so-called infectious lymphosarcoma, but in re- 
gions entirely apart from the genitals, is considered of sufficient 
importance to justify the report which follows. 

Report oe Case 

The animal was a mongrel female terrier pup of unknown parentage. In the 
latter part of June 1928 when she was approximately four months of age the 
right eye appeared to bulge outward. On examination the eye was found to be 
opaque and of a cream color, and it seemed to be crowded forward by pressure 
from behind. Soon after this observation a small nodular tumor was noted un- 
der the skin of the frontal region, slightly to the left of the median line (Fig. i). 
The opaqueness of the eye gradually changed to a bright red and August 22 a 
lobulated tumorous mass occupied the bulk of the orbital space, and the eyeball 
could not be seen. The frontal tumor grew rapidly and August 22 it measured 
4 cm. in diameter and was raised above the surrounding tissue 3.5 cm. The 
frontal mass apparently occupied a subcutaneous position without involving the 
underlying bone. Other tumors were not observed elsewhere over the body. 

September ii, 1928, the tumor of the eye, which had been growing vigorously, 
had become badly infected and for humane reasons it was decided to attempt 
surgical removal of both tumors (Fig. 2). This was done under general anes- 
thesia. The eye mass was broadly attached to the posterior portion of the orbit, 
and the eyeball was completely embedded in the more anterior part of the 
tumor. The growth was very vascular and the resultant hemorrhage was pro- 
fuse. The tumor in the frontal region was found to lie just under the skin and 
to be firmly attached to the rmderlying bone of the skull; this made complete 
removal difficult. 
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Grossly, the tumors were of firm texture and of a grajnsh white color. At the 
time of the removal of the tumor the mass in the eye seemed more vascular than 
the frontal tumor, whereas the latter was of firmer consistence. 

From the beginning of the disease the general condition of the dog was excel- 
lent. She remained frolicsome and apparently had normal bodily growth. Notes 
on the animal’s subsequent condition follow: 

September 24. Both wounds are healing satisfactorily; the animal is in good 

spirits. 

October 10. The frontal wound is nearly healed; the orbital wound is dis- 
charging a thin, purulent fluid. 

October 30. The frontal wound is completely healed. The orbit continues 
to discharge a thin grayish fluid. 

November 27. There is no apparent recurrence in the frontal region. A 
small amount of fluid is still draining from the eye socket. Recurrence of the 
growth that involved tlie eye cannot be demonstrated. 

December 26. There is no recurrence of citlier tumor. The space from which 
the tumor of the eye was enucleated has healed completely, although a super- 
ficial water}' discharge persists (Fig. 2). 

Immediately after the removal of the tumors from the body and 
before their exact nature was determined, they, unfortunately, were 
placed in fixative fluids, and this precluded possible attempts at 
transplantation, the desirability of which was made evident by sub- 
sequent observations. It is regrettable that a portion was not re- 
served for experiments vith transmission since the subsequent 
diagnosis revealed a type of growth similar in all its morphologic 
details to the so-called infectious lymphosarcoma (Figs. 3, 4 and 5). 


Microscopic Examination 

The tissue in the tumor of the eye consisted of ratlier large irregu- 
larly shaped cells inclined to be polyhedral in outline. They were 
closely packed together and the continuity of the cell masses was 
interrupted by strands of fibrous tissue of variable tliickness which 
supported the numerous blood vessels of the growth. Aside from 
the fibrous strands just mentioned, there was no demonstrable 
stroma supporting the cells of the tumor (Fig. 6). There was much 
extravasation of blood in some of the fields and necrosis with some 
edema on the surface of the growth. Some of the larger vessels near 
the surface were thrombosed. The cytoplasm of the neoplastic cells 
was finely granular and was moderately acidophilic in staining 
quality. The nuclei, which represented about half of the cellular 
bulk, possessed a large number of coarse chromatin granules, and 
there was marked afl&nity of the whole structure for the basic stain. 
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Mitosis was present in many cells in practically every field, and sev- 
eral interesting phases of this phenomenon could be seen. A promi- 
nent, slightly eccentrically located nucleolus could be seen in the 
majority of cells (Figs. 6 and 7). 

The cells were markedly invasive, and the tmnor had every struc- 
tural feature characteristic of a highly malignant tumor. Attempted 
encapsulation or other evidence of resistance on the part of the nor- 
mal tissues was not apparent. 

The elements present in the tumor of the frontal region, and their 
arrangement, were an exact replica of the tissue which constituted 
the tumor of the eye (Fig. 5). It was noted, however, that that por- 
tion of the tumor nearest the skin was covered with a dense layer of 
fibrous tissue of considerable thickness, which contained a large 
number of small vessels. Inflammatory leucocytes were absent from 
this tissue. Although for the most part the fibrous connective tissue 
appeared to be of an adult type, a few areas could be seen near the 
substance of the tumor where the fibroblasts were somewhat less 
mature. In these areas some large wandering cells were present be- 
tween the loosely arranged strands of tissue. 

From a study of the material from both tumors it was at once ap- 
parent that the growths were similar and that they resembled in 
every detail the tumor of dogs previously designated infectious 
lymphosarcoma or venereal lymphosarcoma. 

Discussion 

This case is of interest because the situation of the tumor was 
unusual. In the literature reviewed only one reference was made to 
the occurrence of these tumors in regions apart from the genitals. 
Beebe and Ewing mentioned that isolated tumors may appear any- 
where over the body, but they failed to describe such a case. In 
reply to a communication concerning this point, Ewing wrote as 
follows: “I have the impression that infectious sarcoma of dogs has 
been observed in other regions than the genitals. In fact, I think I 
have seen one case. . . .” Considering the large number of cases 
studied by the various investigators, and considering that cases of 
extragenital involvement have not been described, such cases must 
be extremely rare. 

Consideration of the various features of this case leaves many im- 
portant points unsettled, and opens anew the question of primary 
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importance in the study of sucli tumors: What is the exact histo- 
genesis of the tj^je cell constituting these growths? 

Lack of knowledge of the parentage of the subject of this report 
makes it impossible to assemble all the facts one should possess be- 
fore attempting an hypothesis concerning histogenesis. In this con- 
nection, tliere are at least two points of importance. In view of the 
facility with which the cells of this particular tumor lend themselves 
to successful transplantation, the possibility that the tumors in tliis 
case are the result of maternal inoculation at the time of birth 
should be considered. In case the mother possessed a vaginal tumor 
of this variety, the mass would be subject to considerable trauma at 
the time of parturition, and it is conceivable that \nable cells from 
the parent tumor could find their way into the natural recesses of the 
eye, where favorable conditions would permit their multiplication. 

The growth of the frontal region might arise in a similar manner, 
although it is difficult to imagine natural inoculation taking place 
through the unbroken skin, even through the tender skin of a new- 
born puppy. 

The other possibility of tlic origin of these growths is that one or 
both had spontaneous origin from the tissues of the involved parts. 
Proof is lacking to substantiate origin by inoculation from the 
vaginal passage, and likewise it is impossible to present acceptable 
evidence that the tumors originated from cells derived from the tis- 
sues of the respective regions. There can be no doubt but that the 
tissues of the dog are capable, under the proper influences, of pro- 
ducing this peculiar autonomous cell. Whereas the disease usually 
IS the result of the direct transference of li\dng cells from the tumor 
of one animal to the tissues of the other, the condition must occa- 
sionally have a spontaneous origin; otherwise it would not exist. In 
further support of their non-transplantable origin is the observation 
of Seligmann that this tumor affected native dogs in New Guinea 
before the arrival of imported dogs. 

There does not appear to be anything peculiar to the tissues of the 
genitals that would limit the spontaneous origin of this tumor to 
these regions, and it would seem quite proper to assume that the 
elements necessary for its inception may and probably do exist else- 
where. Since the tumors so far reported have appeared beneath the 
uiucosa or under the skin, it is possible that the progenitors of the 
type cell have their origin as part of a natural response to some ex- 
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traneous stimulus. As far as can be determined, such tumors have 
not been encountered as primary growths in the tissues of the in- 
terior of the body. These tissues are spared much of the injury to 
which the exterior of the body is subjected. Furthermore, the part- 
ticularly violent exertions associated with coitus in the dog render 
both sexes prone to injuries of the genitals. 

The multiplicity of the tumors in the case reported resulted from 
one of two possibilities. Either the growths arose independently of 
one another or one was a metastatic expression of the other. 
Whereas, of these two possibilities, it is perhaps easier to accept the 
idea of metastasis in explanation of the growth, it is not clear which 
of the two tumors antedated the other. Functional embarrassment 
was first noted in the eye, although the subcutaneous mass became, 
evident soon afterward. If one of the tumors was the result of metas- 
tasis, the extension occurred very early in the growth of the tumor. 
After they became established, the masses grew with equal facility, 
but the tumor of the eye was inhibited perhaps by the limiting con- 
fines of the orbital space. 

All who have studied these tumors have attempted to classify the 
type cell, and, although a few of the early observers thought the 
tumor was a carcinoma made up of epithelial cells, the opinion of the 
majority is that the growth should be considered a sarcoma. 

If it is a tumor derived from cells of the lymphocytic series, it pos- 
sesses certain features which differentiate it from the entity usually 
designated as lymphosarcoma. The cells are perhaps larger and 
more uniform in size, and an intercellular substance has not been 
demonstrated. The cells he in direct apposition, and the cytoplasm 
of many of them is inclined to be pale or even dear (Fig. 6). The 
latter feature may, however, be the result of some retrogressive 
change and may not be observable in cells which are growing vigor- 
ously. Comparing this tumor with certain examples of rapidly grow- 
ing carcinoma, one cannot avoid the thought that, morphologically 
at least, they have some features in common. Proof of definite rela- 
tionship is lacking, and from a morphologic standpoint the tiunor 
probably will retain a position between the highly malignant car- 
cinomas and the l 3 miphosarcomas. 

The tumor lacks the viciousness one ordinarily would ascribe to 
other growths which possess many of the same evidences of malig- 
nancy, and death seldom ensues as a direct consequence of the 
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tumor. I have had under observation a dog in the vaginal vault of 
which such a tumor has persisted for nearly two years; and, while the 
tumor is slowly growing, the general health of the animal remains 
good and metastasis cannot be demonstrated. The failure of the 
tumor seriously to influence tlie well-being of the animal was a no- 
table feature in the subject of tliis report. The dog had a normal 
bodily growth and remained well nourished and playful tliroughout 
tlie period tliat the tumors were present. 

The ease with wliicli tins tumor can be successfully transplanted 
to otlier dogs, and the manner in whicli the disease responds to surgi- 
cal interference, certainly place it in a unique position among the 
otlier neoplastic diseases. Considering its unusual clinical behavior, 
it is not surprising that the cells of tlie tumor should be found to be 
somewhat different from other malignant neoplasms. The origin 
of the type cell is difficult to determine. Although, morphologically, 
it does have some resemblance to cells sucli as occasionally are seen 
in squamous cell carcinomas of extreme malignancy, I am inclined 
to believe that the cells of this tumor arise from certain undifferenti- 
ated lymphocytic forms and that the groivth represents a tjqie of 
lymphoblastoma which can be flttingly designated “transmissible 
lymphosarcoma.’’ The word “ transmissible” is justifiable because of 
the high percentage of takes secured vdth tliis tumor in experiments 
with transplantation and the striking manner in which it is trans- 
mitted to susceptible dogs by sexual contact. These tumors should 
not be referred to as infectious sarcomas or as infectious lympho- 
sarcomas, since there is no reason to assume that a specific infectious 
agent is responsible for their causation or that they are transmissible 
for the same reason. They apparently are transmissible because of 
the ability of the transplanted or inoculated cells to grow in the tis- 
sues of the recipient and not because of the transference of a separate 
infectious substance in the strict bacteriologic sense. 

Summary 

The more important literature pertaining to the transmissible 
ymphosarcoma of dogs is reviewed, A case is described in which two 
tumors, which morphologically were indistinguishable from trans- 
missible sarcoma of the genitals, appeared respectively in the orbital 
space and under the skin of the frontal region of a young dog. The 
genitals were not affected. Although transplantation was not at- 
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tempted, there seems sufficient histologic evidence to substantiate 
a diagnosis of transmissible lymphosarcoma. The word “transmis- 
sible” is preferable to the older term “infectious,” since there is not 
evidence bacteriologically or otherwise that these growths are de- 
pendent for their origin on an infective factor in the accepted sense 
of the word. It could not be determined whether each growth had a 
spontaneous origin or whether one represented a metastasis from 
the other. The possibility of the tumors being- the result of trans- 
plantations from a vaginal tumor of the mother at the time of birth 
was considered, but this was not subject to proof since the parentage 
of the puppy could not be traced. 
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Plate 38 

Fig. 1. Appearance of the tumors at the time of operative removal, approxi- 
mately three months after they were first seen. 

Fig. 2. The animal 104 days after removal of the tumors. The woimds had 
healed completely and recurrence was not apparent. 

Fig. 3. Section from a typical transmissible or venereal lymphosarcoma from 
the vagina of a dog. x 660. A similarity may be noted in Figs. 3, 4 and 5. 
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Plate 39 

Fig. 4. Section of the tumor of the eye in the case reported. The close resem- 
blance to the genital tumor in Fig. 3 is apparent, x 660. 

Fig. 5. Section of the tumor from the frontal region in the case reported. The 
structure is similar in every detail to that shown in Figs. 3 and 4. x 660. 
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Plate 40 


Fig. 6. Section of the tumor of the eye, showing the polygonal outline of the 
cells and their close apposition. The relative proportion of the nuclear sub- 
stance to the endoplasm is shown. One cell is in mitosis, x 2000. 

Fig. 7. Section of the tumor of the eye showing the hj'perchromatic nuclei and 
prominent nucleoli. One cell is in mitosis, x 1350. 
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MENINGOCOCCUS ENDOCARDITIS * 

Report of a Case 

H. E. MAcM/vnoN, M.D. and E. A. Burkdardt, Jr., M.D. 

(From ihc Pathological Laboratory of the Boston City Hospital, Boston, Mass.) 

The number of cases of meningococcus endocarditis reported in 
the literature is still so small that the meningococcus may be re- 
garded as one of the rarest organisms producing lesions of the endo- 
cardium. In more than half of these cases the endocarditis has oc- 
curred merely as a complication of meningitis. However, there are 
rare instances of the meningococcus gaining entrance to the blood 
stream and involving the endocardium and other structures, leaving 
the meninges unaffected throughout the course of the illness. The 
accuracy of the diagnosis of a few of these cases may be questioned 
because in some the autopsy report is incomplete, and in others 
there is insufficient bacteriologic evidence. 

Review of Literature 

The first case of meningitis in which the meningococcus was 
isolated from the blood stream was briefly reported by Osier ^ in 
1898; and, with regard to the autopsy and bacteriologic findings, 
was more fully described by Gwyn^ one year later. The bacteriologic 
diagnosis was based purely on the morphologic and cultural char- 
acteristics of the organism. 

We have been able to find but two cases in the literature of endo- 
carditis associated with a meningococcus septicemia in which the 
existence of meningitis can be definitely excluded. The first of these 
was reported by Cecil and Soper The patient, a male, 31 years 
of age, entered the hospital complaining of sore throat, feverishness 
Received for publication March 20, 1929. 
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and tenderness of the wrist and elbow of two weeks duration. Phy- 
sical examination revealed an acute polyarthritis involving the 
joints of ankles and fingers, and a presystolic and systolic murmur 
at the apex. The provisional diagnosis was rheumatic fever and en- 
docarditis. A gram negative diplococcus in pure culture was isolated 
from the blood, but there was no evidence of meningitis and the 
spinal fluid was normal. Pyrexia increased and the patient became 
delirious and died on the tenth day of observation. At the autopsy a 
soft cauliflower vegetation was found on the anterior curtain of the 
mitral valve. The spleen was large and contained an infarct. The 
brain, meninges and prostate were grossly and microscopically nega- 
tive, and smears and cultures from the latter organ showed no gono- 
cocci. Gram negative intracellular diplococci were seen in smears 
and sections from the vegetations. The organism isolated from the 
blood stream resembled the meningococcus in morphology, cultural 
characteristics and fermentation reactions, and was feebly agglu- 
tinated by antimeningo CO ecu's serum. 

In the second case, which was reported by Worster-Drought and 
Kennedy,® the clinical course ran over six weeks duration yet no 
signs of meningitis were present at any stage of the disease. The 
patient, a male aged 37, entered the hospital with the diagnosis of 
influenza. The temperature was 104° F yet there were no definite 
physical signs. After returning to normal for a few days the tempera- 
ture gradually rose to 105° F. In the second week of observation 
mitral and aortic murmurs were heard; cyanosis and dyspnoea in- 
creased, and in the last weeks, the heart enlarged and the lower ex- 
tremities became edematous. A gram negative diplococcus isolated 
from the blood culture in the second week was agglutinated by Gor- 
don’s Type II monovalent antimeningococcus serum, but not by the 
other three types. At autopsy, the brain and meninges were normal. 
The heart was enlarged, soft and dilated. A fairly tough massive 
fibrinous vegetation projected into the ventricle from one of the 
cusps of the aortic valve. The spleen contained infarcts and the 
kidneys were enlarged. 

There are two other cases reported of meningococcus endocarditis 
without clinical signs of meningitis, one by Warfield and Walker ® 
and the other by Rhoads.'^ In neither of these did the autopsy iu- 
clude an examination of the brain, hence the existence of a meningitis 
cannot be positively excluded. 
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In the case reported by Warfield and Walker, death occurred five 
weeks after the onset of s3unptonis. One week before admission the 
patient became delirious and developed an herpetic eruption; while 
under observation there was a high intermittent temperature and 
a gram negative diplococcus in pure culture was isolated from the 
blood culture. In the fourth week of the disease a blowing systolic 
murmur appeared and a few days later the patient died without ever 
showing signs of meningitis. At autopsy a large gray and red fun- 
gating vegetation firmly attached to the mitral valve, projected into 
the left auricle, while both the spleen and kidneys contained in- 
farcts. The bacteriologic diagnosis of meningococcus was based 
simply on the morphology and cultural characteristics of the 
organism. 

In the case reported by Rhoads, the patient, a male negro 21 years 
of age, died in the third week of his illness. Two weeks before ad- 
mission to the hospital the patient experienced some dyspnoea, 
palpitation and attacks of precordial pain. Physical examination 
revealed a diastolic murmur over the aortic area and a loud blowing 
systolic murmur at the apex. The clinical diagnosis was acute endo- 
carditis with aortic regurgitation. Death followed on the third day 
after admission without signs of meningitis. At autopsy a smooth, 
purple, friable vegetation filled a ragged perforation extending 
through the interventricular septum and involved both the tri- 
cuspid and aortic valves. Both kidneys contained infarcts. Smears 
and sections of the vegetations revealed gram negative diplococci. 
The diagnosis of meningococcus was based on the morphology of the 
organism and its colonies, and on agglutination, precipitation, and 
complement fixation tests. 

The four preceding cases are grouped together as having two 
characteristics in common, first the presence of endocarditis caused 
by the meningococcus and secondly the absence of any signs or 
symptoms to suggest a pathologic lesion of the meninges. 

In a case reported by Finley and Rhea,® meningitis occurred as a 
late comph cation. The patient was a male 47 years of age whose 
lUness began three weeks before admission with articular manifesta- 
tions and attacks of precordial pain with some dyspnoea, cough, 
chills and sweats. On entrance to the hospital, the heart was dilated 
and there was a soft systolic murmur at the apex. After being under 
observation for one week the temperature rose from 101° to 103° F, 
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the patient became dull and soporose and a hemorrhagic eruption 
appeared over the abdomen. At this time a positive Kemig sign was 
eUcited, and smears of the spinal fluid showed gram negative intra- 
cellular diplococci. A similar organism was recovered from both the 
spinal fluid and blood. The patient died in the fifth week after the 
onset of symptoms. The autopsy showed a wide row of sUghtly 
pedunculated cauhflower vegetations along the mitral and aortic 
valves, and a yellow fibrinopurulent exudate at the base of the brain. 
In this case there is no report of the microscopic findings and the 
bacteriologic diagnosis of meningococcus is based on the morphology 
and cultural characteristics alone. 

As pointed out earher, meningococcus endocarditis is found 
slightly more commonly as a comphcation of epidemic meningitis, 
and the following cases are examples of this condition. 

Weischselbaum and Ghon ® reported a case of meningococcus 
meningitis in a child nine weeks old who died after an illness lasting 
five weeks. At the autopsy, in addition to the meningitis, fresh vege- 
tations were found on the mitral valve. No details of the bacteriol- 
ogy in this case were given. 

Westenhoeffer reported two fatal cases; the first was a child who 
died after three weeks illness, and the second was a woman, 21 years 
of age, who lived only five days after the onset of symptoms. Au- 
topsies were performed on both of these, and in each case showed 
suppurative meningitis and acute endocarditis of the mitral valve. 

MarkareU,^^ during an epidemic in 1915, had two cases at one time 
on the same ward. The first was a boy 19 years of age who was ad- 
mitted with the diagnosis of meningitis. After treatment, this soon 
cleared up and the spinal fluid became sterile. Subsequently a loud 
systolic murmur was heard and a blood culture taken at this time 
showed gram negative diplococci. The condition of the patient 
gradually grew worse and death occurred twelve weeks after admis- 
sion. At autopsy a very large friable vegetation was found on the 
mitral valve, while the brain and meninges were normal. The second 
case reported by MarkareU was a man, 53 years of age, who lived 
sixteen weeks after the onset of his symptoms and meningococci were 
obtained from the spinal fluid during his illness. At the autopsy the 
spinal fluid was turbid and the meninges thickened, but in addition 
there was a large vegetation on the mitral valve, which almost oc- 
cluded the orifice. No murmurs had been heard because of em- 
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physema and consequently the endocarditis had not been diagnosed 
clinically. 

The two remaining cases of endocarditis complicating epidemic 
meningitis were reported by Fairley and Stewart.^^ A postmortem 
examination of the first showed an acute meningitis and an acute 
endocarditis with fresh vegetations on both mitral and aortic valves. 
Similarly in the second, there was, in addition to the meningitis, an 
acute endocarditis but in this case the lesion was confined to the 
mitral valve. 

In almost aU of these cases of acute endocarditis complicating 
meningitis the bacteriologic diagnosis of meningococcus endocarditis 
has been based simply on the morphology of the organisms seen in 
the spinal fluid. Probably this was sufficient because the identity of 
an organism is so often revealed by the part of body from which it is 
isolated, and yet there are exceptions in the literature bearing on this 
point that are of sufiicient interest to warrant mentioning. 

Bieck on questionable evidence reported a case of gonococcus 
meningitis in a patient who had had a chronic urethritis for a year 
and who died six days after an acute exacerbation of the local con- 
dition. Autopsy revealed a patchy meningitis, while examination 
of the exudate showed numerous gram negative diplococci. 

Teacher and Kennedy had a case of micrococcus flavus meningi- 
tis following a severe head injury ivithout rupture of the dura; this 
is of interest because the organism is often regarded as a harmless 
saprophyte. 

Lastly, a case of meningococcus conjunctivitis of a fulminating 
character in which no general infection occurred, was reported by 
Ker and Douglas.^® 


Report of Case 

Clinical History: D. J. (B. C. H. 572665), a white American housewife, 28 
years of age, was referred into the hospital on Oct. 30, 1928 because of malaise, 
weakness and shortness of breath. 

Present Illness: The patient was in moderately good health until three 
moinhs ago when she had an abscessed tooth extracted. Very soon afterward 
s e began to lose her appetite and vitality and first noticed weakness and short- 
which have progressively increased. 

weeks prior to admission she sustained a transient hemiplegia, 
or y thereafter she gave birth to a child, and within a day or two of this she 
eve a, mild fever, due possibly to a sore throat which she had and which 
or a ending physician, feeling there was no question of puerperal sepsis, con- 
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sidered an adequate cause. At this time a loud blowing systolic murmur was 
first noted, and the case was then considered as probably one of endocarditis. 

During the six weeks interval preceding admission and following childbirth 
we have little data. Her appetite diminished, she vomited frequently and lost 
considerable weight. We are told that she frequently spoke of pains in her 
finger tips and of numbness and tingling of her hands, also of slight tenderness 
over her anterior chest wall, and at one time of a single attack of precordial 
pain. 

Her past history is rather vague. We do know, however, that she denied 
having had tonsillitis, rheumatic fever or chorea; and that her attending 
physician knew of no time during which she showed signs of meningitis or 
nephritis. 

Physical Examination: A young woman, strikingly pale, moderately dysp- 
neic, poorly nourished and acutely ill, with a temperature of 102° F. Respira- 
tion rapid (30), and rather shallow. The skin slightly icteric, warm, soft and 
dry, with no petechiae. The lips and extremities cyanotic, the hands and feet 
cold. Sclerae subicteric, mucous membranes pale. Tongue smooth, atrophic 
and tender. Gums showed some erosion but no bleeding. Few very small pea- 
sized lymph nodes bilaterally palpable and freely movable in posterior cervical 
triangles. Thorax not remarkable. 

Heart slightly enlarged; apex impulse visible and palpable in fifth intercostal 
space, 8.5 cm. to left of midstemal line. Greatest diameter of cardiac dullness, 
8.5 cm. to left and 2 cm. to right of midstemal line. Sounds are regular but rapid 
(140) and of poor quality. A loud, rough, rasping systolic murmur and coarse 
palpable thrill at the apex. The murmur was transmitted to the axilla and over 
the base of the heart. The pulmonary second sound was accentuated. 

The rest of the physical examination revealed no positive findings. 

Provisional Diagnosis: Subacute bacterial endocarditis. 

Laboratory Findings: Blood showed a marked secondary anemia wnth slight 
leucocytosis. Red blood cells 2,200,000, and somewhat achromic. Hemoglobin 
34 per cent. Leucocytes 15,500 with 68 per cent polymorphonuclear leucocytes, 
9 per cent Ijonphocytes, 15 per cent large mononuclear phagocytes, many of 
which were enormously enlarged, irregular, vacuolated and contained both red 
blood cells and polymorphonuclear leucocytes. The remaining 8 per cent were 
smudges that could not be identified. 

The urine showed a trace of albumen and the sediment contained many white 
and red blood cells with few casts. 

The blood non-protein nitrogen on admission was 100 mg. Two days later 
it was 195 mg. 

The admission blood culture showed gram negative bean-shaped diplococci; a 
second culture on the following day confirmed this finding. 

Progress Note: The second morning the temperature was 103° F, pulse 150 
and respiration 40. The patient was irritable, restless and at times irrational. 

Discharge Note: No outspoken embolic lesions appeared until the day of 
death when a few small purplish areas were found on the fingers and toes. The 
patient became comatose and delirious by turns, screamed that she could not 
get her breath, became more cyanotic, pulseless and died on the fourth day ap- 
parently in uremia. 

Final Diagnosis: Uremia, acute nephritis, acute endocarditis, secondary 
anemia. 
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Autopsy Report 

An autopsy (A28-382), was performed on November 7, five days 
postmortem. There is edema of the lower extremities. The breasts 
are slightly enlarged, the areola pigmented and milk is expressed 
from the nipples. A deeply pigmented line extends from the umbili- 
cus to the symphysis. The vagina is red and ulcerated, and the 
cervix is unusually soft. No cutaneous petechiae can be distin- 
guished vdth certainty. 

The peritoneal, pleural and pericardial cavities contain 500 cc., 
60 cc., and 50 cc. respectively of clear yellow watery fluid. 

Heart: Weight 330 gm., slightly enlarged vdth moderate dilata- 
tion on the right side. The myocardium is soft, pale and homo- 
geneous. At about the central portion of the upper surface of each 
leaflet of the mitral valve, a large, elevated, nodular, yellow vegeta- 
tion measuring 2 by i by 1.3 cm., projects into the cavity of the left 
atrium. Beneath these fungating vegetations the leaflets are thick- 
ened in some places and perforated in others. The adjacent portions 
of the valve, except for a few delicate pink fibrinous granulations 
and two thickened and injected chordae tendineae are normal. The 
remaining valves, the pericardium, endocardium and coronary ves- 
sels are normal. 

Lungs: They are distended, pale and edematous. The bronchi and 
bronchioles are filled with watery blood-tinged fluid. 

Spleen: Weight 440 gm., is uniformly enlarged and varies in color 
and consistence. A large, firm, irregular yellow infarct passing 
through the central portion stands out in sharp contrast to the sur- 
rounding soft maroon parenchyma. 

Liver: Weight 1740 gm., is pale, moderately firm and slightly en- 
larged. The fresh surfaces are homogeneous but the finer markings 
are obscured by a swelling of the parench3nna. 

Kidneys: Weight 390 gm., large and firm. The capsules strip 
readily from smooth pale surfaces. The cortex is regular and 0.7 cm. 
in thickness. The fresh surfaces bulge slightly and show marked 
pallor of both cortex and medulla. 

Genital Organs: The cervix is congested. Part of the endometrium 
covering the fundus of the uterus is dark red and covered with a 
fibrinous exudate. The tubes and ovaries are negative. 
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Meninges: The inner surface of the dura covering the parietal 
and frontal lobes is coated with a very thin yellowish glistening 
rather mucoid ejcudate. There are three minute petechial hem- 
orrhages in the pia arachnoid covering the cerebrum but there is no 
visible inflammatory reaction. 

Brain and Cord: These were fixed before sectioning and later 
carefully examined by serial sections. No gross lesions are found 
throughout the brain, in the ventricles or in the choroid plexus. 

Anatomic Diagnoses: Endocarditis; meningitis; infarction of the 
spleen; ascites; pxflmonary edema; endometritis. 

Microscopic Report 

Heart: The myocardium shows surprisingly little pathology. 
There are a few small perivascular foci of polymorphonuclear leuco- 
cytes; and occasional necrotic muscle fibers are invaded by en- 
dothelial leucocytes. The vegetations are composed of a coarse net- 
work of fibrin surrounded by clumps of bacteria and covered at the 
periphery by a layer of polymorphonuclear leucocytes. The bac- 
teria are small gram negative diplococci and many are intracellular. 
The underlying valve leaflets are necrotic. The pericardium and 
vessels are normal. 

Lungs: The structure of the lung is well preserved. The alveoli 
contain a little precipitated albumen with scattered foci of fibrin 
and red blood cells. 

Spleen: There is a large area of infarction bordered by an acute 
inflammatory exudate and extravasated red blood cells. 

Kidneys: These show a rather diffuse lesion involving primarily 
the glomeruli. The capillary tufts are large, cellular and contain 
little blood. Groups of tubules also show a moderate inflammatory 
reaction with degenerative changes within the cells and numerous 
polymorphonuclear leucocytes within their lumina. 

Uterus: Slight cystic dilatation of the glands of the cervix, few 
foci of lymphocytes in the stroma, and an acute inflammatory exu- 
date on the surface of the endometrium. 

Tubes and Ovaries: These organs are normal. 

Breast: A normal involuting breast, the cells are atrophic and 
there is little secretion within the glands. 
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Meninges: The under surface of the dura is covered with a narrow 
layer of fibrin containing red blood cells and polymorphonuclear 
leucocytes. A collection of lymphocytes, plasma cells and endo- 
thelial leucocytes lies beneath the lining endothelium of the sagittal 
sinus, and infiltrates the wall of one of the larger vessels of the 
choroid plexus. 

The pia arachnoid is normal except for three small perivascular 
foci of acute inflammation and hemorrhage. The inflammatory 
exudate is composed of well preserved polymorphonuclear leuco- 
cytes, endothelial leucocytes and little fibrin. 

Cerebrum and Cerebellum: Sections from many different parts in- 
cluding the walls of the ventricle and the cervical portion of the cord, 
show no histologic lesions. 

Pituitary: In the anterior lobe there is a small area of necrotic 
cells that are undergoing phagocytosis. 

Microscopic Diagnoses: Endocarditis; meningitis; infarction of 
spleen; pulmonary edema; subacute intracapillary glomerular 
nephritis; endometritis. Gram negative bean-shaped diplococci, 
intra- and extracellular in vegetations on mitral valve. 

Bacteriology 

An excellent opportunity was offered to study the bacteriology in 
this case and the results are unusually interesting. A gram negative 
bean-shaped diplococcus was recovered from the blood cultures 
taken ante mortem and later from cultures from the vegetations on 
the mitral valve and from the spleen. Of the smears taken at the 
time of the autopsy from the base of the brain, from the vagina, 
cervix and fundus of the uterus and from the vegetations and spleen, 
only those from the latter two situations revealed a similar or- 
ganism. 

Morphology and Cultural Characteristics: The organism was a 
small gram negative bean-shaped diplococcus. It varied in size and 
stained with dilute carbol fuchsin with different degrees of intensity. 

In spite of the fact that the organism remained viable in the body 

or five days postmortem it grew with difficulty imder artificial con- 
ions. The most favorable media were glucose ascitic agar and 
c ocolatized sheep blood agar. A scanty growth was obtained on 
s eep blood agar, Loeffler’s serum media, ascitic broth and blood 
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serum broth, whereas no growth occurred on plain agar or on beef 
infusion broth. 

After twenty-four hours incubation at 37° C the colonies were 
minute, discrete, moist, round and elevated. They had a grayish 
blue translucency, produced no hemolysis and formed no pigment. 
No growth was obtained at room temperature or at 40° C. Cultures 
placed in the icebox died out in three to four days. 

Fermentation Reactions: These were obtained with difficulty using 
I per cent dextrose broth and i per cent maltose broth enriched with 
horse serum. Control tubes were inoculated with known cultures of 
meningococci and gonococci. No change in reaction was observed 
in the tube containing the unknown organism after twenty-four 
hours incubation, while only at the end of six days was the change 
in the reaction complete. The unknown organism resembled the 
meningococcus by attacking both sugars and differed from the 
gonococcus which fermented only the dextrose (Table I). 


Table I 

Fermentation Reactions 


Organism 

Dextrose 

Maltose 

TTnVnown 


+ 

Meningococcus 

+ 

+ 

Gonococcus 

+ 


Tube uninoculated 


- 


Seeology 

Arkwright pointed out that to identify a gram negative diplo- 
coccus accurately one must take into account not only the morph- 
ology of the cocci and their colonies, their cultural characteristics 
and fermentation reactions but also their agglutination and agglu- 
tinin absorption reactions with known antimeningococcus sera. 

Gordon,^'^ in his bacteriologic studies of cerebrospinal fever among 
the troops, showed that about 98 per cent of all meningococci fall 
into four groups with minor bonds of relationship between his types 
I and III, and types II and IV. Furthermore, the monovalent 
agglutinating sera of types 11 and IV of the meningococci contain 
abundant coagglutinins for many strains of gonococci, and different 
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Strains of gonococd vary greatly in their serologic resemblance to 
meningococci. 

Because of this dose relationship between these two groups of or- 
ganisms we performed agglutination tests to determine into which 
of these groups the unknown organism should fall. 


Agglutination * 

Agglutimtion mth Polyvalent Aiitimcningococcus Serwn: Faintly 
turbid suspensions of twenty-four hour cultures of the unknonm or- 
ganism as well as of four types of meningocoed grown on chocolate 
agar slants were made in salt solution and kept at 56° C for one 
hour. Four-tenths of a cubic centimeter of bacterial suspensions 
were added to one-tenth of a cubic centimeter of graded dilutions of 
standard polyvalent antimeningococcus serum. As controls we 
used normal horse serum and bacterial suspension, and saline and 
bacterial suspension. The tubes were stoppered, kept at 55® C for 
twenty-four hours and placed in the icebox for twenty-four hours 
before reading. 

The agglutination reaction of the unknown organism corresponded 
very dosely to the reactions of the four known types of meningo- 


Tablb II 

Agglutination with Antimeningococcus Scrum 


Strain 

Final dilutions 
Antimeningococcus serum 

Sa- 

line 

Nor- 

mal 

horse 

serum 

i:roo 

Partial 

agglutina- 

tion 

Com- 

plete 

agglutina- 

tion 

1:200 

1:400 

1:800 

1:1600 

1:3200 

Unknown organism 

El 

3 

2 

B 

D 

B 

B 

1:800 

1:200 

Meningococcus Type I 

H 

4 

2 

B 


iB| 

B 

1:800 

I ‘.400 

“ “ II 

D 

3 

2 

B 


B 

B 

i;i6oo 

i:2QO 

“ “ III 


3 

2 


B 

B 

B 

1:800 

11200 

“ ” IV 

■ 

3 

2 

H 

B 

■ 

■ 

1:800 

1:200 


t Figures refer to degree of agglutination reaction: 4 = complete. 


cocci. It was complete in a dilution of i ;2oo and partial up to i ;8oo. 
This, together with the results of the control tests, is shown in 
Table H. 

* The polyvalent antimeningococcus serum, the four known types of meningococci, 
and the nonnal horse |erum used in these experiments were obtained from the Common- 

The types of meningo- 
>• 57; Type rV, No. 60, 


weaitn oi Massachusetts Antitoxin and Vaccine Laborator 
coccus were: Type I, No. 123; Type 11 , No. 55; Type III, 
(United States Hygienic Laboratory). 
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Agglutination with Polyvalent Antigonococcus Serum: Using the 
same technic as in the former test we replaced the polyvalent 
antimeningococcus serum with poljrvalent antigonococcus serum, 
and added a known strain of gonococcus as an additional control 
(Table III). 

Table III 


Agglutination with Polyvalent Antigonococcus Scrum 


strain 

/ 

Final dilutions 
Antigonococcus serum 

Sa- 

line 

Nor- 

mal 

horse 

scrum 

1:100 

Partial 

agglutina- 

tion 

Com- 

plete 

agglutina- 

tion 

1 1200 

1:400 

1:800 

1:1600 

1:3200 

Unknown organism 

4 

3 

2 

0 

0 

0 

0 

1:800 

1:200 

Meningococcus Type I 

4 

3 

2 

0 

0 

0 

0 

1:800 

1:200 

“ “ II 

3 

2 


0 

0 

0 

0 

1:400 

• . • 

“ “III 

2 


D 

0 

0 

0 

0 

1:200 

• • ■ 

“ “ rv 

D 


D 

0 

0 

0 

0 

• • • * 

• • • 

Gonococcus 

B 

B 

B 

3 

I 

0 

0 

1:3200 

1:800 


In this, agglutination of both the unknown organism and meningo- 
coccus Type I was complete in a dilution of i :2oo, and partial up to 
i: 8 oo, which resembled the results of the previous test in which 
antimeningococcus serum was used. Only partial agglutination re- 
sulted with meningococcus Types II and III in dilutions of i :400 
and 1 :2oo respectively, while the gonococcus agglutination was com- 
plete up to i; 8 oo. 

The identity of the unknown organism could not be determined 
from the results of these two agglutination tests alone (Tables II 
and III), because it was agglutinated equally weU by both the anti- 
meningococcus and antigonococcus sera. 

Agglutinin Absorption 

Agglutinin absorption tests were carried out using both pol3rvalent 
antimeningococcus and polyvalent antigonococcus sera, a mixed 
suspension of the four types of meningococci and the unknown 
organism. 

The technic of the first test consisted in absorbing the agglutinins 
against the four types of meningococci from an homologous polyva- 
lent antimeningococcus serum, and then mixing this absorbed serum 
with a suspension of the unknown organism. This was accomplished 
in three steps. First, five-tenths of a cubic centimeter of a mixed 
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suspension of the four types of meningococci were added to five- 
tenths of a cubic centimeter of the homologous pol3walent anti- 
meningococcus serum diluted 1:20. After twelve hours at 55° C 
followed by two hours in the ice chest, agglutination was strongly 
positive. The mixture was thoroughly centrifuged and eight-tenths 
of a cubic centimeter of dear supernatant fluid were pipetted off 
without disturbing the precipitate. 

The second step, which was rather a repetition of the first, was 
carried out simply to insure the complete absorption of the agglu- 
tinins against the meningococd. To the supernatant fluid obtained 
after the first agglutination we added two-tenths of a cubic centi- 
meter of a fairly heavy mixed suspension of the four types of menin- 
gococci, giving a final dilution of 1:50. This mixture was kept at 
55° C for twelve hours and later placed in the ice chest for two hours. 
Only very slight agglutination occurred. The suspension was cleared 
by centrifuging and the supernatant fluid was saved for the agglu- 
tination test with the unknown organism. 

In the last step, three-tenths of a cubic centimeter of a suspension 
of the unknown organism were added to one-tenth of a cubic centi- 
meter of the absorbed serum diluted 1 :5o, giving a final dilution of 
1:200. A final reading was made after twelve hours at 55° C fol- 
lowed by twelve hours in the ice chest. 

The following protocol (Table IV) shows that the absorption of 
antibodies from the antimeningococcus serum by a mixture of the 


Table IV 

Absorption Test with Polyvalent Antimeningococcus Serum 
Absorbed with Mixed Meningocoeci 


Strain 

Absorbed serum 

Unabsorbed 

1:200 

serum 1:200 

Unknown organism 



Mixed meningococci 






4 


four types of meningococci completely removed the agglutinins 
against the unknown organism. To certify that the agglutinins 
against the four types of meningococci had been completely re- 
moved, a mixed suspension of the meningococci was Hkewise added 
to the absorbed serum; and no agglutination occurred. The unab- 
sorbed antimeningococcus serum that was used as a control in this 
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protocol (Table IV), had been previously subjected to the same 
treatment as the absorbed serum because the possibility was con- 
sidered that the prolonged heating, the chilling, and the centrifug- 
ing might destroy or alter the agglutinins in this serum. 

When the antimeningococcus serum was replaced by antigono- 
coccus serum and precisely the same technic employed, the agglu- 
tinins against the unknown organism were again absorbed by the 
mixed types of meningococci (Table V). 

Table V 


Absorption Test loillt Polyvalent Antigonococens Serum 
Absorbed with Mixed Meningococci 


Strain 

Absorbed scrum 
1:200 

Unabsorbed 
serum 1:200 

Unknown organism 

0 

4 

Mixed meningococci 

0 






In these two absorption tests (Tables IV and V), absorption of the 
antibodies from both antimeningococcus and antigonococcus sera 
was obtained by using a mixed suspension of the four types of men- 
ingococci, and in each case the agglutinins against the unknown 
organism were completely removed as well. This was important 
for it suggested a close similarity between the agglutinins against 
the unknown organism and the meningococci. 


Table Yl 

Absorption Test with Polyvalent Antimeningococcus Scrum 
Absorbed with XJnknoim Organism 



Absorbed serum 

Unabsorbed 


1:200 

serum 1:200 

Unknown organism 

0 

4 

Mixed meningococci 

4 

4 


When the converse of the first agglutinin absorption test was per- 
formed, it was found (Table VI) that the polyvalent antimeningo- 
coccus serum absorbed with the unknown strain would still agglu- 
tinate a mixed suspension of the four types of meningococci. This 
indicated that by absorbing the agglutinins against the u nkn own 
organism, the agglutinins for aU the four types of meningococci have 
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not been removed. If on the other hand polyvalent antimeningo- 
coccus serum absorbed with the unknown organism was mixed with 
the four types of meningococcus separately, agglutination occurred 
with all but Type I. This suggested that agglutinins for this type 
had been previously absorbed (Table VII). 

Table Vn 


Absorption Test with Polyvalent Antimeningococens Scrum 
Absorbed with Unknown Organism 


Strain 

1 

Absorbed scrum 
1:200 1 

Unabsorbed 
scrum 1:200 

Unknown organism 

0 

4 

Meningococcus Type I 

0 

4 

“ “ n 

A 

4 

“ « m 

4 

4 

" " IV 

4 

4 


A final absorption test which suggested even more strongly the 
identity of the unknown organism entailed incubating polyvalent 
antimeningococcus serum absorbed by meningococcus Type I with 
the unknown organism (Table VUE). This table shows that after 
absorption of the agglutinins by meningococcus Type I from poly- 
valent antimeningococcus serum no agglutination was obtained 
from the unknown organism. 


Table Vni 


Absorption Test with Polyvalent Aniime7iingococcns Scrjim 
Absorbed with Menmgococcus Type I 


strain 

Absorbed serum 

Unabsorbed 

1:200 

serum 1; 200 

Unknown oreanism 



Meningococcus Tvpe I 


4 



4 


From results of the preceding protocols it would appear that the 
unknown organism should be grouped as a T)p)e I meningococcus. 
(U. S. Hygienic Laboratory classification.) 
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Discussion 

Meningococcus endocarditis presents many points of clinical, 
pathologic and bacteriologic interest. Of the twelve cases which we 
found in the literature all have ended fatally. In seven of these the 
cardiac lesions occurred simply as a complication of meningitis and 
in most cases the endocarditis was not recognized clinically. On the 
other hand it is important to remember that endocarditis can be 
caused by the meningococcus without any meningeal involvement 
and that such cases have been diagnosed as acute rheumatic fever 
with endocarditis, or subacute bacterial endocarditis. The duration 
of such cases varies from three weeks to three months. In the case 
that we have reported in which there were no clinical signs or symp- 
toms to suggest any meningeal involvement, a diagnosis of menin- 
gitis was made at the time of the autopsy that was later confirmed 
by the microscopic examination of the tissue. 

Of unusual pathologic interest are the rather typical vegetations 
— large, firm, localized and fungating, with Httle tendency to dis- 
charge minute emboli. In eight of the cases the mitral valve alone 
was affected; in three, both the mitral and aortic; in one, the aortic 
alone, and in one other, the case reported by Rhoads, the interven- 
tricular septum was perforated and both the tricuspid and aortic 
valves were involved. 

The bacteriology in these cases of meningococcus endocarditis 
presents a very interesting problem, and especially in those cases 
in which there is no associated meningitis. In several of the cases 
reported, the bacteriologic diagnosis was based merely on the mor- 
phology and cultural characteristics of the organisms isolated from 
blood cultures. These gram negative diplococci, however, form a 
group of such closely related organisms that such diagnoses are not 
conclusive. In identifying members of this group the organisms 
should be agglutinated, and in some cases agglutinin absorption 
tests performed. 
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Summary 

1. A case of meningococcus endocarditis is reported with the 
autopsy and bacteriologic findings. 

2. A brief discussion deals with the clinical, pathologic and bac- 
teriologic considerations of meningococcus endocarditis. 

3. The literature is reviewed. 

We are indebted to Dr. F. B. Mallory for the illustration, and 
to Miss Marion E, Lamb for technical assistance. 
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DESCRIPTION OF PLATE 
Plate 41 

Photograph of the heart, opened to show the characteristic large fungating 
vegetations, localized on the leadets of the mitral valve. 
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SUGGESTIONS FOR STAINING TUMORS OF 
SPONGIOBLASTIC ORIGIN * 

Nathan Chandler Foot 

{From the Department of Pathology, College of Medicine, University of 
Cincinnati and Cincinnati Gatcral Hospital, Cincinnati, Ohio) 


Introductory 

The work of Globus and Strauss,^ Bailey, Cushing, and HilJer,^’ ^ 
and of Penfield ® and others, based upon that of Ramon y Cajal and 
his pupils, notably Hortega, has opened a wide avenue of approach 
to a more intelligent study of tumors of the glioma group; yet pa- 
thologists have been slow to avail themselves of the opportunity 
thus afforded them. There are several reasons for this: the average 
pathologist is hesitant about forsaking the tried and familiar ground 
of the hematoxylin-eosin technic for less well known territory; he 
balks at using the special fixative called for by the Spanish school, 
and he is dismdined to learn how to interpret the new and imfa- 
miliar pictures obtained in the silver impregnations. 

In order to overcome some of these disadvantages. Globus ® has 
devised his “new step’’ for the bromuration of ordinary formalin- 
fixed tissue, Penfield ’ has adapted this for use in connection with his 
method for impregnating the oligodendroglia and microglia, and the 
writer, anxious to make the study of gliomas still easier, has made 
further modifications in the technic for impregnating sections from 
these tumors in the hope that the results thus obtained will more 
closely approximate those with which pathologists are familiar and, 
at the same time, afford a broader view of the tissues examined and 
a better opportunity for photographing them. 

I have foimd, while experimenting with the Globus-Hortega 
method, that the results obtained are open to criticism on three 
heads: the nuclear detail is apt to be rather meager; the fibers are 
grayish, rather than jet-black, imless one coat the cells very heavily 
with silver and further obscure their histologic detail, and the cells 
that lack argyrophil material are very indistinct; furthermore, the 
preparations give flat, over-contrasty photomicrographs that are 
too black-and-white. It was also noted that the use of i per cent 
Received for publication March i, 1929. 
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instead of 20 per cent formaKn in reducing the silver in Hortega’s 
silver carbonate method, brings out the neuroglia fibers in sharp 
relief, while it fails to stain the nuclei or cytoplasm of the cells. In- 
stead of being a disadvantage, it will be realized that this is quite 
the opposite, for the nuclei may then be stained with a dye of 
another color and the cytoplasm counterstained with one of a 
third, producing a picture in three colors, instead of var5dng tones 
of the same hue. 

In order to accomplish this result, the following process has been 
devised; it is in no way original, being merely a combination of the 
steps already familiar in the impregnation of reticulum.^ It consists 
in utilizing the sharply black impregnation of the neuroglia obtained 
with a weak formalin reducer and the reliable hematoxylin-Van 
Gieson technic. It is not yet applicable to paraffin sections, frozen 
sections must be used invariably. 

The Method 

Material: Frozen sections of tissue fixed in 10 per cent formalin 
are cut 15 to 20 microns, thickish sections are more easily manipu- 
lated without tearing and the processes of the spongioblasts, which 
may branch in all directions, are less apt to be cut off in the plane of 
section. 

Bromuration: The sections are washed in distilled water and 
bromurated by the Globus technique, being placed in 10 per cent 
ammonium hydroxid for 24 hours, washed briefly in distilled water 
and transferred to a 10 per cent solution of 40 per cent (concen- 
trated) hydrobromic acid, where they remain for 5 to 24 hours. 
They are then transferred to Cajaks formalin bromid (3 gms. NH^Br 
in 15 per cent neutral formalin, 100 cc.) where they may be stored 
until wanted. Although the ammonia bath is supposed to serve as 
a deformahnizing agent, it is found that the sections become more 
surely impregnated if they have been in formalin-bromid for a few 
hours. The tissue sections should be handled, throughout the pro- 
cess, with a glass spatula, made by bending about one centimeter of 
the end of a glass rod to an angle of 60 to 80° and pinching it out 
thin and flat while stiU hot and soft, with warmed pliers, so that its 
broad surface runs transversely, like a scoop. This avoids the tear- 
ing of sections so common when glass needles are used, and it facili- 
tates their transferal from bath to bath. 
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Impregnation: The sections are washed in two changes of distilled 
water and placed in about 35 cc. of weak silver carbonate solution, 
which has been heated to about 45° C. The vessel is then set in an 
incubator at 38° C for half an hour. The silver solution is made up 
by mixing 50 cc. of 10 per cent AgNOj wth a like amount of 5 per 
cent Na2C03, shaking, aUovdng the heavy white precipitate to settle 
and decanting the supernatant fluid. The precipitate is then washed 
in 250 cc. of distilled water and again allowed to settle. It is next 
nearly dissolved, after decanting most of the supernatant fluid, by 
adding strong ammonium hydroxid drop by drop and continually 
shaking the graduate, until only a few grayish granules remain un- 
dissolved. The solution is then made up to 250 cc. with distilled 
water and stored in a brown bottle, where it will keep for days. If a 
precipitate forms in the bottle, it should be filtered off. The used 
silver diammino carbonate solution, however, must never be poured 
back into the bottle. The sections become reddish brown in this 
bath. 

Redvction: After washing them in two changes of distilled water, 
they are brought into a 1 per cent neutral formalin for 2 to 5 minutes; 
in a few seconds they become ochraceous gray to black and two 
minutes is usually enough time for complete reduction. 

Toning: They are then washed in water, tap-water is no longer 
inadmissable after reduction is complete, and toned for 2 to 3 
minutes in a i :5oo solution of gold chlorid. This keeps well and may 
be used repeatedly until it no longer removes the yellows and browns 
from the color scheme of the sections, which indicates that it is ex- 
hausted. I use Merck’s brown, acid AuCl, the cheaper yellow salt 
will probably serve just as well. 

Fixation: After washing, the sections are fixed in 5 per cent so- 
dium thiosulphate for 2 to 5 minutes, which removes the metallic 
luster from their surface, takes out superfluous metallic salts and 
renders the tissue pliant. 

Mounting; After washing away the hypo, each section is mounted 
upon a clean glass slide by being floated over it, one comer pinned 
to the slide with the glass spatula and the slide removed from the 
water at a distinctly obtuse angle; bringing it out at an angle too 
acute with the surface of the water creates eddies that wrinkle the 
section. Loose or cmmpled edges are brought out flat on the glass 

y immersing the slide edgewise, deeply enough in the water to float 
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them free, holding it at right angles to the surface and moving it 
gently up and down until aU tabs and loose ends have been straight- 
ened out. It is then blotted firmly with several layers of smooth, 
unpattemed filter paper; timid blotting usually results in the section 
adhering to the paper, rather than to the slide. If the sections be 
firmly enough blotted, it will be found that no egg albumen-glycerin 
adhesive need be used on the slides. The section is then anchored 
by the Mallory and Wright ® celloidin method; it is flooded with 95 
per cent alcohol from a dropping bottle, then with absolute alcohol 
and once more blotted dry. A few drops of very thin celloidin are 
then flowed over the section and gently blown upon until they set 
in a thin film. The process is then reversed, a few drops of abso- 
lute alcohol, followed by 95 per cent alcohol, are dropped over the 
celloidin and the slide placed in a staining dish of water. The celloi- 
din should be just thick enough to flow in drops and to set in the 
thinnest possible film that will serve to anchor the sections firmly 
to the glass. A little experience will teach one how much celloidin 
should be dissolved in ether, with a little absolute alcohol added to 
insure complete solution. 

Counterstaining: The sections may now be handled in slotted 
glass staining dishes, like paraffin sections. They are stained for 5 
minutes in a fresh solution of Harris’ hematoxylin and washed in 
water until they become blue; wanning the water or adding a few 
drops of ammonia will hasten the bluing. They are then stained for 
30 to 45 seconds in Van Gieson’s stain (10 cc. i per cent aqueous acid 
fuchsin to 90 cc. saturated aqueous picric acid solution). The stain 
is poured off as completely as possible and the sections run directly 
up through 95 per cent and absolute alcohol (omitting a wash in 
water) into xylol with 5 per cent oil of origanum. After a brief im- 
mersion in pure xylol, they are moimted in Canada balsam. 

Results of the Method 

Nuclei: Brownish red to red, mitotic figures brighter red. 

Cytoplasm: Excepting that of the astrocytes, yellowish red to 
brown. 

Astrocytes: The fibrillary type will show black fibrils and a faint 
red cytoplasm; the protoplasmic type will be almost entirely black, 
save for the nucleus. “Irritation” astrocytes are gray to black. 
Vascular processes (sucker feet) are deeply impregnated and black. 
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Spongioblasts: The cytoplasm is reddish yellow or brownish, the 
polar filaments black. The apolar variety may show “fibrogenic 
areas” in black if they be mature enough. Giant cells stain chiefly 
with the hematoxylin- Van Gieson stain, showing little affinity for 
silver. 

Neme Cells: These are distinctly brownish, with a few black 
dendrites and blackish Nissl bodies. 

OligodendrogUa and Microglia: Although sometimes well impreg- 
nated, these cells are not specifically stained and the method is not 
yet recommended for their demonstration. 

Gitierzellen: Black network on yellowish brown background. 
Neuroglia Fibers: Black. 

Fibrous Reticulum: Black. 

Collagen Fibers: Bright vermilion. 

Erythrocytes: Canary yellow to brown. 

Granulocyks and Monocytes: These usually show very distinct 
argyrophil granules. 

Areas of hemorrhage and necrosis are very clearly demonstrated 
and one may thus gauge the presence or absence of degenerative 
changes very accurately. It is to be noted that the bloated, snow- 
shoe-shaped spongioblasts and the swollen and vacuolated Git- 
terzellen occur chiefly in the neighborhood of necrotic areas and 
represent degeneration forms. Pseudorosettes are well brought out, 
as is demonstrated by Fig, i. 

Advantages of the Method 

The advantages claimed for this method are as follows: it gives 
one a picture in which the nuclei, cytoplasm and neuroglia fibrils are 
readily distinguishable; the neuroglia and connective tissue are easily 
identified and kept separate; it affords much more plastic and less 
chalky photomicrographs than the original technic, and the various 
stages in the development of the spongioblasts are more readily 
made out. That the method does not always demonstrate the oligo- 
dendroglia and microglia cells in their entirety makes little differ- 
ence, for tumors arising from these are still imperfectly recognized; 
Bailey, 10 h his latest paper on gliomas, sets a question-mark after 
t e heading “oligodendroglioma”; if there be microgliomas, they 
would fall under the heading of sarcoma — as yet none has been 
authoritatively described. 
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Hints on the Handling of Frozen Sections 

In the first place, it is necessary that the block of tissue be frozen 
to exactly the proper consistence; this is best done by freezing it 
through and then thawing out the surface by laying one’s finger-tip 
over it until it feels slight moisture and sections may be cut without 
their edges splintering and fra3dng out. It is advisable with some 
makes of microtome, to “jump ” the sections directly from the block 
into a dish of water that is held in the left hand. With a dry knife, a 
properly frozen block and a little practice, this is very easy and it 
eliminates handling the sections before one must. They spread out 
flat in the water almost immediately. If this cannot be done, one 
may wet the knife blade and allow ten or fifteen sections to accumu- 
late upon its surface, whence they may be removed in a mass with 
a moistened finger-tip and floated off this into the water. Removing 
each section singly with a camel’s hair brush is poor practice, for 
sections are too fragile to be handled in this manner, tearing more 
readily when they are single than when they are handled in wads of 
ten to twenty at a time. 

Another point to be borne in mind is that it is very inadvisable to 
try to impregnate too many sections at a time, ten or fifteen, handled 
separately with the broad, blunt spatula, will be more likely to 
emerge whole at the end of the procedure than would a large num- 
ber. Furthermore, they wiU not tend to stick together and will, 
therefore, be more evenly impregnated than would a tangled mass. 
A cheap and easy way to manage the various baths is to provide a 
number of wide-mouthed 40 cc. phials, which may be stoppered with 
flat corks and which should be of sufficiently large caliber not to be 
top-heavy. 

Condensed Summary of the Method 

1. Frozen sections, cut at 15 to 20 microns from formalin-fixed 
material are treated for 24 hours each in: 10 per cent NH4OH, 10 
per cent HBr, and Cajal’s formalin-bromid, with brief washes in two 
changes of distilled water between steps.. 

2. They are impregnated for half an hour at 38° C in a bath 
of (Ag (NH3)g)2C03 which is initially heated to 45° C. 

3. After washing in two changes of distilled water, they are re- 
duced in I per cent neutral formalin (0.4 per cent formaldehyd) for 
two or more minutes. 
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4. After washing in tap water, they are toned in i :5oo AuCI for 
the same length of time. 

5. After again washing, they are fixed in 5 per cent NajSgOs 
(hypo) for a like period. 

6. They are washed, mounted on glass slides with celloidin and 
stained for five minutes in Harris’ hematoxylin. 

7. They are then “blued” in water, or very dilute NH4OH and 
counterstained in Van Gieson’s stain for 30 to 45 seconds. 

8. Finally, they are run up through ascending percentages of al- 
cohol, avoiding water, into xylol with 5 per cent oil of origanum, 
pure xylol, and mounted in Canada balsam. 

In Conclusion 

A method is described whereby the Globus-Hortega technique is 
combined with the hematoxylin-Van Gieson stain, so that a poly- 
chrome picture results. It is believed that this gives slides that are 
more readily interpreted and have a greater similarity to routine 
sections than is the case with those impregnated with silver alone. 
They are also better suited to photomicrography. The writer 
apologizes for prolixity in this paper, but feels that better results will 
be obtained if the reader knows exactly how to go about securing 
them. 
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DESCRIPTION OF PLATES 

The photomicrographs, taken by Mr. J. B. Homan (of the Department of Medi- 
cal Art of the College of Medicine) and the author, show a variety of pictures 
taken from three spongioblastomas. Some fields are selected from approxi- 
mately normal cerebral tissue in the neighborhood of the tumors. The relatively 
large magnification of the high power views is the result of extending the photo- 
graphic bellows to 24 inches in order to secure depth of focus in the thick frozen 
sections. Everything was done, when printing the photomicrographs, to keep 
them on the “soft” side and avoid chalky, or over-contrasty effects. 

Plate 42 

Fig. I. A pseudorosette from Tumor i. Note the polar filaments of the spon- 
gioblasts radiating into the necrotic center, x 200. 

Fig. 2. High power detail of same. Many giant unipolar spongioblasts are 
seen, with their “tails” running into the necrotic material. These cells are 
comparatively poor in argyrophil matter, x 950. 
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Plate 43 

Fig. 3. ]\'Ieningovascular prolongation between sulci, comparatively normal 
cortex, with fibrillary astrocytes, to the left of the vessel; astroblastic por- 
tion of Tumor 1 to the right of it. x 200. 

Fig. 4. High power detail from quasi-normal cortex shown in preceding figure. 
There are two prominent nerve cells, triangular, with scanty processes in 
the lower corners of the picture; at the center is a cluster of astrocytes; the 
small nuclei belong to oligodendroglia cells, x 950. 
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Plate 44 

Fig. 5. High power detail from Tumor 2. Many astroblasts are seen, with 
rudimentary, thick processes presenting in varying numbers, x 950. • 

Fig. 6. Fibrillary astrocytes in the white matter near the border of the same 
tumor. The two at the lower center of the field show verj'^ sturdy vascular 
processes (sucker feet) extending upward to a large capillarj’’ which is some- 
what out of focus. X 950. 
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Plate 45 

Fig. 7. High power field from Tumor 2. The cells are much more primitive 
than are those in the preceding tumor, being chiefly of the unipolar variety. 
X 950 . 

Fig. 8. Another field from Tumor 2. The cells have much the same character- 
istics, there are numerous sarcomatoid cells in the background, which show 
comparative! little argyrophilia. x 950. 
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Plate 45 






Elate 46 

Fig. 9. Degeneration forms, granular or vacuolated and swollen, from the 
neighborhood of necrotic tissue in Tumor 2. The black fibers are processes 
of spongioblasts, x 950. 

Fig. 10. “Irritation astrocytes” from the white matter bordering Tumor 3. 
Chiefl)'^ of interest because the tissue was kept for eight years in ICaiserling 3 
in a museum jar before sectioning and impregnating, x 950. 
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COMMENTS ON THE IMPREGNATION OF NEUROGLIA WITH 
AMMONIACAL SILVER SALTS* 

Nathan Chandter Foot 

{From the Bcparlmcnl of Pathology, College of Medicine, University of Cincinnati and 
Cincinnati General Hospital, Cincinnati, 0.) 


Introductory 

The purpose of this paper is to present in detail a- discussion of 
the various steps and variable factors involved in the process of 
impregnating neuroglia with ammoniacal silver salts, so that the 
reader may obtain some idea as to its regulation and may thus be 
enabled to alter the procedure to suit his own particular needs. It 
is probable that few who use silver impregnations know how or why 
these succeed or fail in producing the desired results. While it wiU 
be impossible to answer this question in fuU, it may be that certain 
data given here wiU dear up some confusion and serve as an incen- 
tive for the acquisition of more exact knowledge as to the chemical 
basis of the technic. The method reported in a recent paper (Foot 
wiU serve as the regimen for this set of experiments; although any 
one of several might do as well, this one is more familiar to me by 
reason of recent experience. 

Material: This was the same in every experiment, cortical tissue 
from three human brains : one removed one hour postmortem from 
an elderly man who died of chronic myocarditis and generalized 
arteriosderosis; one removed three hours postmortem from an 
elderly woman dead of septicemia complicated by arteriosderosis 
and an area of cerebral softening; and one removed five hours 
postmortem from a young woman dead of poisoning by bootleg 
liquor. Thus we have a means for determining the viability of the 
various neuroglial elements in these brains representing three de- 
grees of freshness. It was found that the astrocytes were viable in 
aU three, but that the oligodendroglia and microglia rapidly de- 
teriorated as the period between death of the tissue and its fixation 
was lengthened. 

Received for publication April g, 1929. 
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Fixation: There is little need to discuss this point; while the 
Cajal t formalin-bromid fixation is excellent, it is more usual to 
employ neutral formalin in the pathological laboratory, so that this 
was invariably used in these experiments in its usual concentration 
of lo per cent of the commercial 40 per cent stock, neutralized with 
calcium carbonate. 

After cutting sections at about 20 microns, they were stored in 
small phials in Cajal’s fluid (15^ per cent neutral formalin with 3 
per cent NH4Br is the classic formula; it is recommended that the 
latter be increased to 6 per cent to make it equimolecular with the 
solutions that follow). A few drops of i per cent Na^COs were added 
to each phial to maintain the neutrality of the fixative. Here they 
remained until wanted; after several weeks they were stiU in a suit- 
able condition for impregnation. 

Bromuration: Tissue fixed in neutral formalin must be “bromu- 
rated” by the Globus ^ technic before the neuroglia can be demon- 
strated; it is omitted in those cases where Cajal’s fixative has been 
used. In these experiments the sections were washed in distilled 
water and placed in 4 per cent NH4OH at room temperature and at 
38° C for 24 hours. Warming brought about no improvement in 
the ultimate results. They were then washed in distilled water and 
transferred to 10 per cent HBr at corresponding temperatures for 
24 hours. It was found that the best results were obtained by leav- 
ing the tissue in HBr in the incubator, rather than at room temp- 
erature for 5 to 8 hours. Globus’s original technic calls for 10 per 
cent NH4OH and it was found to work very well; the percentage was 
changed for the following reason. The purpose of bromuration is to 
saturate the tissue with the NH4Br that was omitted from the 
fixative; presumably it combines with the silver salts to form AgBr. 
If this be so, and, if a 0.6 molar solution of AgNOa be used, we shall 
need a 0.6 M HBr and a solution of NH4OH to correspond. Six 
tenths M HBr is so nearly 10 per cent that this may be retained 
in the technic, but 0.6 M NH4OH is 4.04 per cent, so that 4 per cent 
NH4OH was substituted for Globus’s 10 per cent solution. 

The chemistry of bromuration is obscure; it is commonly sup- 
posed that the NH4Br “mordants” the neuroglia for silver salts, 
but this has never been proved. It certainly suppresses the impreg- 

f Throughout this paper “Cajal’' and “Hortega” wiU be used for Ramon y Cajal 
and Del Rio-Hortega. 
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nation of the neurofibrils and thus affords a lighter background 
against which the neuroglia is sharply set off when it becomes im- 
pregnated; but this is by no means the whole story, for the neuroglia 
does not become impregnated unless bromuration be employed. 
That the bromid may, indeed, act as a sort of mordant is indicated 
by the fact that sections were impregnated after fixation in neutral 
formalin and the nerve fibers and nerve cells were well demonstrated, 
without any impregnation of the neuroglia taking place. They were 
toned with gold, fixed in hypo and washed, then bromurated (the 
process in no way interfering with the previous or subsequent im- 
pregnation), and they were then reimpregnated, the neuroglia now 
becoming prominent and readily demonstrable. Such double im- 
pregnations are very dense and present such a multiplicity of nerve 
tissue elements that the picture is very confusing; it is, however, 
none the less instructive and valuable for correlating the position 
of the various elements. 

CajaVs Fluid: The sections were always left in Cajal’s fluid over- 
night, or stored in it until needed, after bromuration. This rein- 
forces the latter and replaces the formalin removed by the ammonia 
bath, thus insuring good impregnation. Repeated experiments 
showed that the impregnation obtained after soaking the sections 
in Cajal’s fluid was far superior to that which followed their transfer 
through a wash of distilled water directly to the silver bath from 
HBr (Figs, i and 2). Deformalinizing the tissue is not to be recom- 
mended; apparently the chief effect of the ammonia bath is to react 
with the HBr to form ammoniima bromid in the sections, thus bro- 
murating them as surely as if they had been primarily fixed in Cajal’s 
fluid. 

Impregnation: The most complicated and puzzling part of the 
problem was presented by the various silver solutions used for im- 
pregnating the sections. The active ingredient of the silver bath is 
silver diammino carbonate (Ag(NH3)2)2C03, or the diammino hy- 
droxid, Ag(NH3)20H, as the case may be. The chemistry of these 
compounds is very well discussed in an excellent paper by Kubie 
and Davidson ® and in MeUor’s ^ extensive work. The silver diam- 
mmo carbonate used in the series of Hortega variants is produced by 
precipitating Ag2C03 from AgNOs by means of sodium or lithium 
carbonate and nearly dissolving the precipitate in NH4OH; the 
various methods for doing this are conveniently assembled by Pen- 
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field and Cone ® in their chapter in McClung’s handbook on micro- 
scopic technic. It will be noted that only one silver diammino oxid 
(hydroxid) method is mentioned (Cajal’s modification of the Biel- 
schowsky technic), and that the authors believe it to be less certain 
than the carbonate methods; this wiU be of importance later on in 
this article. 

In order to analyze these procedures, one must first work out the 
molecular concentration of the reagents involved therein. In the 
case of solids, a molar (M) solution would contain an amoimt equi- 
valent to the molecular weight in grams per liter; thus a molar solu- 
tion of AgNOs contains 170 (the molecular weight of the compound) 
grams per liter, which is 17 gm. per 100 cc., or 17 per cent. In the 
case of stock solutions, NH4OH for example, other factors enter in, 
as will be indicated later. 

Silver Nitrate : In all these methods 10 per cent AgNOs is used, 
as a 10.2 per cent solution is 0.6 M (102 being 0.6 of 170) ; this should 
supplant the usual 10 per cent solution, for it is just as readily 
compounded. 


Lithium Carbonate Methods 

The reaction 2 AgNOa -}- Li2C03 = Ag2C03 + 2 LiNOs, with the 
AgNOa in 0.6 M concentration, calls for a 0.3 M LhCOa solution. 
Let us see how the famihar formulae are made up. 

(a) Original Hortega: To 10 cc. of 10 per cent AgNOs an equal, 
or somewhat greater amount, of a saturated solution of Li2C03 is 
added. 

(b) Later Variant: To 10 cc. of 10 per cent AgNOs 40 cc. of the 
saturated solution of Li2C03 is added. (Saturated at room tempera- 
ture.) 

In either case the precipitate is washed in an excess of distilled 
water, the wash-water decanted off the precipitate after it has settled 
and the latter almost entirely dissolved in “dilute” NH4OH added 
drop by drop ; the solution is then made up to 50 cc. with distilled 
water. 

How do these formulae agree with our theoretical requirements? 
In the first case there is insufficient Li2C03 to precipitate aU of the 
silver as Ag2C03, but what is precipitated is in pure form; in the 
second case there is an excess of the lithium salt, which results in 
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the precipitation of a mixture of Ag2C03 and Ag20 (see Mellor). 
Theoretically the two methods should give us quite different results 
and, as will be seen later, they do in fact. 

As was just stated, a 0.3 M solution of Li2C03 is required to bal- 
ance the 0.6 M AgN03 in the reaction; working with a 10 per cent 
AgNOs and a saturated solution of Li2C03, this is impossible, for the 
latter is soluble 1.539 %®°-o.728 at “room temperature” one 

is uncertain just what the percentage may be, but it is certainly 
below the figure 2.22 per cent that represents a 0.3 M solution. 
As 1. 5 per cent is approximately 0.2 molar, the AgN03 solution 
should be reduced to 0.4 M, or 6.8 per cent, and used in equal amount 
with the 1.5 per cent Li2C03 to give a balanced reaction. Of the 
classic formulae, the first gives us pure Ag2C03 but wastes AgN03, 
while the second gives us a mixture of Ag2C03 and Ag20; therefore 
they are both theoretically unbalanced. As Na2C03 is readily 
soluble in water and may easily be adjusted to varying molar con- 
centrations, there appears to be no valid reason why the LiaCOs 
methods'should be retained in use. 

Sodium Carbonate Method 

Applying the same analysis to this, we find the following to be 
true. 

Ten cc. of 10 per cent AgNOs is mixed with 40 cc. of 5 per cent 
Na2C03, the precipitate is washed in a copious amount of distilled 
water, the wash-water is discarded and the precipitate nearly dis- 
solved in NH4OH added dropwise. The solution is brought up to 
45 cc. and 75 cc. respectively for the “strong” and “weak” con- 
centration. Here there is a great excess of Na2C03; the approxi- 
mately 0.6 M AgNOs requires a 0.3 M Na2C03, or an equal quantity 
of 3.2 per cent NasCOs; what is actually offered to it is four times 
that amount of a 5 per cent, or nearly 0.5 M (4.68 M), solution. 
Here again, according to Mellor, we shall be precipitating mixtures 
of Ag2C03 and Ag20. 

In order to stabilize the methods, Kubie and Davidson have first 
produced Ag(NH3)2N03 (silver diammino nitrate) by adding equi- 
molecular NH4OH solution to a 10.2 per cent AgNOs until the 
brownish precipitate that is formed just dissolves. To this they then 
add calculated amounts of either Na2C03 or NaOH to make their 
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final double salt and, in tbe case of tbe NaOH, add enough more 
NH4OH to dissolve the precipitate that comes down when NaOH is 
added to Ag(NH3)2N03. No additional precipitate will form when 
Na2C03 is added, as this does not increase the hydroxyl ion concen- 
tration, so that no additional NH4OH is required in that case. 


Relative Merits of the Double Salts 

It was found weU-nigh impossible accurately to judge the rela- 
tive merits of these methods while using the classic formulae on ac- 
count of the number of variables introduced by the differences in 
molecular concentration in the reagents; after a preliminary trial, 
which used up several gross of slides and a great deal of time and 
labor, it was decided to employ the Kubie and Davidson methods 
to decide the questions raised by this preliminary work. It had 
been found, for example, that sections impregnated with solutions 
that had been made up with an excess of AgNOs over Na^COs were 
strikingly different from those made up with solutions the reverse of 
this, with Na2C03 in excess; these differences were attributed to 
the presence of Ag(NH3)20H [(Ag(NH3)2)20 in solution] in the latter 
case. This was borne out by the fact that it required twice as much 
NH4OH to dissolve the precipitate from the excess carbonate solu- 
tion as it did that from the excess nitrate solution, although the 
same amoimt of AgNOs was used in both instances, and the precipi- 
tate in the former was not twice as copious as that in the latter. This 
indicates the presence of Ag(NH3)20H, which requires more am- 
monia to dissolve it than does (Ag(NH3)2)2C03. 

Three points were to be tested out: (c) the effect of silver diam- 
mino carbonate in pure solution; (b) that of silver diammino hy- 
droxid in pure solution; and (c) that of a mixture of the two. In 
all instances the reduction of the sections was unorthodox, buffered 
I per cent formalin being used instead of the usual plain neutral 
I per cent formalin. Otherwise the sections were toned, fixed and 
counterstained in the regular way. 

Silver Diammino Carbonate: This was prepared as follows. 
An 8.1 per cent (1.2 M) solution of NH4OH was added dropwise 
to 10 cc. of 10.2 per cent (0.6 M) AgNOs until the brown precipitate 
was just dissolved. Then 10 cc. of a 3.1 per cent (0.3 M) solution of 
Na2C03 was added, without further precipitation occurring. The 
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solution was then made up to 50 cc. and 100 cc. concentrations with 
distilled water. 

Explanation: The formula of the ion Ag(NH3)2+ requires a molecular con- 
centration of NH4OH twice that of AgNOs, or 1.2 M in this instance. Stock 
NH4OH has a specific gravity of 0.9 and a percentage content of 28-29 per cent 
(both noted on the label by the manufacturer). One cc. of this, then, con- 
tains 0.28 X 0.9 = 0.252 gm., the molecular weight is 17 and a 1.2 M solution 
would contain 2.04 gm. per 100 cc. Dividing 2.04 by 0.252 we get 8.09 cc. of 
the stock solution to 100 cc. of distilled water; I used 8.1 per cent as being near 
enough for practical purposes. 

Silver Diammino Hydroxid; The procedure in this case was the 
same as that in the preceding; only 10 cc. of 3.1 per cent NaOH re- 
placed the NuiiCOs and differed from it in that it produced a repre- 
cipitation that required additional NH4OH before it became dis- 
solved. 

Explanation: The NaOH solution was prepared by making up a 50 per cent 
solution of NaOH in the hot, allowing it to cool and centrifugating off the pure 
solution from the impurity of NajCOs that settles out at this concentration. A 
0.6 M solution is needed, as the valence is the same as that of AgNOs. The 
specific gravity of the 50 per cent solution, as given by Kubie and Davidson, is 
1.53; this, times the percentage, equals 0.77 gm. per cc. The molecular weight 
of NaOH is 40; this, times 0.6 = 2.4 gm. per 100 cc., which, divided by 0.77 = 
3.1 per cent. 

A third solution was made up according to the Na^COs technic, 
but twice the molecular amount of NazCOs was added in order to 
afford an excess of NazCOs over AgNOs. This caused no precipitate. 
A fourth solution was prepared with an excess of NaOH over AgNOs, 
to test the effect of this. 

Sections were impregnated in all four solutions, on several oc- 
casions, with fresh solutions for each test. The bath was warmed 
to 45° C in a test-tube, poured into a cold phial, and the sections were 
then put into this and kept in an incubator at 38° C for 30 minutes. 
The sections in the excess hydroxid bath turned very dark brown, 
those in the balanced hydroxid bath a deep tobacco brown, those in 
the balanced carbonate bath a fox red, and those in the carbonate 
excess bath tobacco brown. Reduction in buffered i per cent forma- 
lin turned them almost black, olive brown, ochraceous brown, and 
dark ochraceous brown, respectively. In the gold bath they became 
black, violet, violet or ultramarine blue, and slate gray, respectively. 
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The hydroxid sections showed a deep mouming-band of black or 
dark violet where the cortex lay, a lighter color in the white matter; 
the carbonate sections were more evenly and uniformly colored. 

Under the microscope it was seen that the hydroxid set differed 
markedly from the carbonate set; in the former the astrocytes were 
uniformly and beautifully shown wherever they might be, and the 
nerve cells and their dendrites came out clearly (Figs. 3, 4 and 5), 
while the oligodendroglia and microglia were not specifically impreg- 
nated (see later discussion) ; in the latter, where pure (Ag(NH3)2)2C03 
was used, the reverse was true (Figs. 6 and 7), the microglia and oli- 
godendroglia being excellently demonstrated, the astrocytes and 
nerve cells feebly, or not at all. In the excess NaOH set, the im- 
pregnation was too dense, tended to incrust the cells with silver and 
to show troublesome precipitates; in the excess Na2C03 set an inter- 
mediate picture was obtained, in which neither group of elements 
was as well shown as in the case where pure Ag(NH3)2 -f- salts were 
used. With a little juggling in development these intermediate 
pictures could be improved, but never made as perfect as the others. 
One gains the impression that Ag(NH3)20H has the greater speci- 
ficity for astrocytes, while (Ag(NH3)2)2C03 tends to pick out the 
oligodendroglia and microglia. The 50 cc. concentration of the 
latter solution is somewhat superior for that purpose to the 100 cc. 

Before leaving the subject of impregnation, it wiU be well to point 
out the influence of temperature on the process; it is found that 
body temperature is better suited to the purpose than greater heat, 
for hot solutions produce precipitates and incrustations that are 
very misleading. It has been found that a room temperature solu- 
tion of the hydroxid will give an impregnation quite similar to that 
obtained with the warm carbonate. As a rule, a weak bath gives 
better penetration and more uniform results than a strong one, the 
impregnation of the microglia being an exception, for these cells come 
out more strongly and surely if the solutions have been diluted only 
to 50 cc. 

The “ equimolecular ” method gives much more uniform results, 
both in regard to certainty and to xmiform impregnation throughout 
the section. One gains the impression that the hydroxid solution is 
generally superior to the carbonate, giving one greater latitude. It 
is a mistake to suppose that “spotty” sections are a necessary evil; 
they are usually a sign that something is wrong. If the reader pre- 
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fers the classic methods, he should be very careful not to dissolve 
the precipitate of Ag2C03 or AgjO completely; otherwise poor re- 
sults, or none at all, will follow. It is also always advisable to use 
doubly distilled water; I redistilled all the water used in these ex- 
periments out of a glass apparatus, after it had been distilled through 
a metal one. 

Rcdxiction: Varied effects may be obtained by varying the con- 
centration of neutral formalin used for developing the sections, but 
as these are fully described by Penfield and Cone, we need not 
consider them here. In ex'perimenting with the various formalin 
reducers, ordinary commerical 40 per cent formalin (acid to litmus 
paper and diluted to i per cent), i per cent formalin from a 40 per 
cent solution kept over CaCOs, and i per cent formalin slightly 
acidified with acetic acid were all tested out. The neutral formalin 
alone gave satisfactory results and is a requisite for successful 
impregnation. 

Kubie and Davidson point out that silver diammino carbonate 
is not only more stable than silver diammino hydroxid, but it pro- 
duces better impregnation (when reduced with neutral formalin) 
than does the hydroxid, owing to the presence of the CO3 — ion, 
which buffers the formalin and prevents the formation of formic 
acid. In reducing silver salts, formalin becomes oxidized to that 
acid, which is in turn an effective stop to further development, or 
reduction. Penfield® recommends soaking sections in 5 per cent 
Na2C03 for an hour or more before attempting to impregnate the 
oligodendroglia and microglia, as he considers that the carbonate 
acts as a “mordant”; at all events it improves the impregnation. 
Putting these two facts together, I experimented with buffered so- 
lutions of formalin, following impregnation with the silver salts; 
the results were as satisfactory as they were illuminating. 

If 0.5 cc. of I per cent Na2C03 be added to 24.5 cc. of i per cent 
neutral formalin, a marked change in the reduction will immediately 
be evident; the presence of as little as 0.0002 per cent of the car- 
bonate prolongs the reducing action of the formalin, produces a 
darker reduction and causes the emission of clouds of blackish 
precipitate from the sections, which should, therefore, be kept in 
motion. If no carbonate be used, these phenomena are not noted. 
The intensity of reduction, as observed under the microscope, will 
be found to have been much increased by buffering the developer. 
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If 5 cc. of I per cent Na2C03 be added to 20 cc. of i per cent formalin 
(a concentration of 0.002 per cent) still greater changes will be seen; 
the sections are darker, denser, more evenly shaded throughout, 
and their color remains brown, although slightly intensified and 
deeper. If equal quantities of Na2C03 and formalin (both i per 
cent) be mixed, or if the percentage of both be doubled so as to make 
a 1 per cent solution, the sections wiU become still deeper in general 
intensity and much redder brown; this percentage of buffer is far 
too high for good results. In other words, one must get approxi- 
mately the proper degree of alkalinity in order to obtain the proper 
degree of reduction. 

The changes due to the presence of the buffer are even more 
marked when the sections are examined microscopically; if from 
0.5 to 2.0 cc. I per cent Na2C03 (0.0002 per cent — 0.0008 per cent) 
have been added, it will be found that the microglia and oligoden- 
droglia have been impregnated with (Ag(NH3)2)2C03 solution, 
where controls in unbuffered formalin fail to demonstrate them 
satisfactorily; the fibrils of the astrocytes, in sections impregnated 
with Ag(NH3)20H, wiU be less heavily incrusted wth sUver, but 
much more successfully and continuously demonstrable. Ten to 
fifteen drops of i per cent Na2C03 from a bottle that deUvered i cc. 
for each 10 drops, was found to be the most practical addition, and 
fifteen was the standard for most of these experiments. This is a 
concentration of 0.0006 per cent of NaoCOs; by increasing this to 
0.002 per cent, or 5 cc. to 20 cc. of i per cent formaUn, the following 
changes were observed microscopically: the background of the 
section, composed of neurofibriUae and almost suppressed by the 
bromuration, again became visible although the definition of the 
fibers was never comparable to that in unbromurated sections 
(Fig. 8); the neuroglia was less intensely impregnated, its fibers 
were brownish rather than black when toned in gold and the impreg- 
nation approached a stain in its appearance. In sections reduced 
with unbuffered formalin the fibrillary astrocytes tended to show 
a pale area where the body should be and the fibers were incrusted 
with silver; in properly buffered reductions the fibers remained 
black, but the body of the ceU and its protoplasmic processes were 
brought out as is weU shown in Figs. 3 and 5 ; if over-buffered re- 
ducer was used, the ceUs appeared as though stained with a brown 
dye and the fibrUs were more delicate and less sharply defined. In 
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properly-buffered sections only, may one expect to unpregnate the 
oligodendroglia and microglia with any degree of uniformity. 

Liesegang,’ in his analysis of the Bielschowsky and Cajal impreg- 
nations, states categorically that alkali must not be added to the 
developer (hydrochinon in that case). This would seem to apply 
only to the procedure he was investigating and to the impregnation 
of unbromurated sections, which I have found to be unimproved by 
reduction with buffered formalin. 

To sum up the results of this section on reduction: we may say 
that the buffering of the formahn developer produces “softer” pic- 
tures than the more “contrasty” or harsh results seen after using 
unbuffered neutral formalin. The reader may try out the method 
and produce the effect he desires, just as the photographer experi- 
ments with “soft,” “normal,” or “contrasty” developers, plates or 
papers. One effect of buffering the developer should be stressed, the 
avoidance of incrustation. If the dendrites and fibrils of a cell come 
out dehcate, clear-cut and continuous from the cell-body to their 
extremities in buffered solutions, but show heavy, uneven and inter- 
rupted outlines (possibly stippled) after buffered reduction, which 
is more likely to be a normal impregnation and the picture of normal 
structures, and which an incrustation, or silver deposit, upon such 
structures? The answer is obvious, and for this reason we must 
guard against producing artifacts in our desire to get black-and- 
white sections. 

We may assume from what has just been said, that Penfield’s 
“mordant” was, in reality, a buffer that was carried through the 
silver bath in the interstices of the tissue and acted upon the neutral 
formalin into which the sections were transferred directly, causing 
it to retain its reducing power for a longer time. A chemist, reading 
this paper, may be able to explain why the presence of Na2C03 in 
the developer tends more and more to bring back the impregnability 
of the neurofibrillae as its concentration is increased. In some un- 
explained fashion it offsets the effect of bromuration. 

Gold Toning: As Penfield has experimented with the two gold 
chlorids used for toning (ordinary “yellow ” and “brown, acid”) it 
was thought to be rmnecessary to repeat his work. The brown, add 
chlorid was used, as it happened to be in stock; it is more expensive 
and, according to Penfield, gives no better results than the yellow, 
if as good; it is, however, quite satisfactory if the solution be fre- 
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quently renewed as it pales off in color. When definitely pale, it 
should be discarded and a fresh golden yellow solution substituted; 
it takes but a few batches of frozen sections to exhaust the gold 
chlorid from this very weak (i 1500) bath. 

As Hortega’s “gold sublimate” method gives good results in im- 
pregnating astrocytes, it was thought that the addition of 0.5 per 
cent HgCb might improve the toning ofi their processes and it was 
therefore used in a few instances; the results were in no way superior 
to those obtained without the use of 0.5 per cent HgCb, in fact they 
tended to be distinctly “muddy” and to produce incrustation of the 
fibrils. If unbuffered formalin was used for the developer, the 
mercury did improve the picture somewhat, making it more precise, 
but the buffered solution is so superior to the unbuffered that this 
is without significance. 

Fixation: No change was made in the usual method of fixing the 
sections in 5 per cent Na2S203 (sodium thiosulphate, or “hypo”); 
it seems to be thoroughly reliable and stabilized. 

Counlerstaining: In all cases a counterstain with Harris’s hema- 
toxylin (5 minutes), followed by a thorough wash in tap water and 
a second counterstain in Van Gieson’s stain, was employed, after 
attaching the sections to slides by the Mallory and Wright celloidin 
technic. The silver impregnation tends to give very uneven nuclear 
pictures, and this tendency is offset by the hematoxylin and nuclear 
detail rendered uniform, while the Van Gieson stain affords a back- 
ground that aids ocular inspection and is very useful in photo- 
micrography. The extra 30 seconds entails little loss of time, and the 
acid fuchsin, by staining the vessels and meninges red, affords valu- 
able landmarks. Liesegang, too, stresses the value of counter- 
staining with toluidin blue. These counterstains interfere with the 
silver impregnation in no way, unless they produce unpleasant color 
combinations or their actinic value be unsuitable for the photo- 
graphic plate. 

Discussion 

An extended discussion of the results of these experiments would 
be beside the point; up to the present we have found out very little 
of a definitely proved nature about the true explanation of the 
chemistry of silver impregnation. Liesegang’s article and that by 
Kubie and Davidson stand practically alone in the literature. The 
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former, it would seem, does very little actual explaining; its author 
draws an ingenious parallel between brain sections and photographic 
plates, impregnation being the establishment of “silver-centers” 
(“Silberkeime”) analogous to the “sub-salts” produced by the ex- 
posure of a photographic plate to light. Upon these premises he 
builds up a parallel between the two processes, and one must admit 
that it appears to be justified; but of proof there is not a shred, the 
process in the section remains just as empirical as the chemistry of 
silver salts exposed to light. Liesegang points out that partially re- 
duced silver salts are brown, as the sections become brown in the 
silver baths they are impregnated with partially reduced silver; de- 
velopment uses the foci of partially reduced silver as centers upon 
which to deposit more completely reduced metal from the salts that 
have permeated the tissue. As Kubie and Davidson have shown, 
the preliminary partial reduction is more prompt and extensive in 
the case of Ag(NH3)20H than it is in that of CAg(NH3)2)2 CO3, 
which is proved by darker brown sections in the former, redder and 
fighter brown in the latter instance; furthermore, we know that 
the former is more unstable than the latter. These authors have 
performed a number of very interesting experiments to show the 
difierence in behavior of the two. While Liesegang’s alluring parallel 
is very interesting it overlooks the fact that may be of vital impor- 
tance in distinguishing between the two processes, photographic and 
histologic; the partially reduced “sub-salts” in the photographic 
plate, after exposure to fight, are quite indistinguishable from the 
unreduced salts — there is no visible picture until reduction with 
developer is complete. In the histologic process the partially re- 
duced salts are so visible that the sections that they impregnate 
might be used for certain purposes of observation; they are essen- 
tially sections stained browner in some areas than in others. This 
point may be totally unimportant, or it may be the reverse. 

The experiments described in the body of this paper have adduced 
a^ few interesting facts. There appears, for instance, to be a rela- 
tively greater affinity for silver diammino hydroxid on the part of 
the astrocytes and ganglion, or nerve cells, and for the diammino 
carbonate on that of the oligodendroglia and microglia; whether it 
depends (as seems likely) upon the difference in the relative in- 
stability of the hydroxid as compared with the stability of the car- 
bonate, or upon the difference in the OH— and CO3— ions, remains 
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to be seen. Besides this, two more points have been brought out: 
the superiority of using equimolecular solutions as recommended 
by Kubie and Davidson and the value of adding a buffer to the 
formalin developer. If the histologist will follow Kubie and David- 
son in making up his solutions, he will be saved a great deal of 
trouble and avoid many pitfalls; it is not absolutely necessary to 
use microburets and paraffined bottles, although admittedly safer 
and more accurate; if the solutions be made up with approximate 
accuracy and mixed together in trustworthy graduates, the results 
will be vastly more constant and satisfactory than they will be if 
one employs the hit-or-miss methods now in use, with now a slight 
excess here, now a slight deficiency there. 

It is just as easy and simple to make up a 10.2 per cent solution of 
AgNOg as it is to prepare a 10 per cent solution, just as easy and 
far more satisfactory to prepare an 8.1 per cent solution of NH4OH 
than to drop in a strong solution (percentage unknown if it has stood 
a while with the dropping-stopper left with its ducts open) or a 
“dilute solution ” of unknown concentration. A glance at my analy- 
sis of the Hortega formulae will show how inaccurate one might be 
in making up a solution according to the Kubie and Davidson formu- 
lae and still come much closer to molecular equilibrium. This is 
not, be it understood, intended as a criticism of Hortega’s invaluable 
contributions to our technical knowledge; it is merely a plea for 
more accuracy in compounding the reagents used in the methods 
that he and his colleagues have so brilliantly devised. 

The use of buffered formalin for developing impregnated sections 
is a comparatively insignificant contribution, but it will be found to 
have its advantages; it permits one to control contrasts in the final 
picture and renders pretreatment of sections with Na^COg unnec- 
essary when impregnating oligodendroglia and microglia. It is 
best to keep down the quantity of Na2COg used as a buffer to the 
minimum compatible with good results (overbuffering prevents 
complete reduction just as underbuffering does) ; it is probable that 
someone, reading this, may work out the proper hydrogen ion con- 
centration for the developer. Sometimes, when there is extreme 
gliosis, or in dense gliomas, it may be desirable to overbuffer the 
developer in order to bring out detail; the results may be inferior 
under the microscope, but they are often superior on the photo- 
graphic plate, using monochromatic light (Wratton B -f- G filters) 
of a yellowish green color. 
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In all this work, frozen sections are essential for success; the 
use of alcohol and chloroform in embedding in paraffin appears to 
preclude successful impregnation. Liesegang mentions that alcohol, 
and ether to a greater extent, prevents the impregnation of brain 
tissue with silver salts; I noted the same fact independently last 
year, in connection with the impregnation of the connective tissue 
reticulmn (Foot ®). The alcohol seems to change the potential of 
the tissue, by displacing the formalin, for frozen sections fixed or 
treated with alcohol and found to be unimpregnable became readily 
impregnated after they had been refixed in formalin. Liesegang 
gives a similar explanation. Whether we shall be able, after embed- 
ding and sectioning material in paraffin, to bring back the power of 
the tissue to reduce silver partially and permit successful impreg- 
nation, remains to be tried out experimentally; the removal of most 
of the lipins from cerebral tissue by the extraction that is a con- 
comitant of paraffin embedding may prove to be the chief obstacle. 
Although many, myself among them, have already attempted to 
impregnate paraffin sections of brain, the results have thus far been 
worse than mediocre. 

Conclusions 

1. The technic recommended by Kubie and Davidson, of the 
Rockefeller Institute, for preparing solutions of ammoniacal silver 
salts for the impregnation of brain tissue has been found, on trial, 
to give results commensurate with its chemically correct basis and 
far superior to those obtained by using the more roughly prepared 
solutions now in general vogue. 

2. It is found that silver diammino hydroxid gives beautiful re- 
sults in the impregnation of astrocytes, while silver diammino car- 
bonate concentrates chiefly upon the oligodendroglia and microglia. 
If mixtures of both salts are used, as is the case in most of the inac- 
curate methods now employed, the impregnation is of a more general 
nature, but inferior in its specificity to that obtained through the 
use of pure salts. 

3 - If the 1 per cent neutral formalin in general use for developing 
sections impregnated with either of these double salts be buffered 
with a little sodium carbonate, a definite improvement in the devel- 
opment of the sections follows; the impregnation is more uniform, 
freer from incrustations and precipitates and shows more precise 
definition of the neuroglia. 
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4. No one method is recommended, the reader being left to draw 
his own conclusions and choose for himself that technic which will 
suit his particular needs; it is considered that the subject is fully 
enough set forth to afford him an opportunity for devising his own 
procedure. The excellence of silver diammino hydroxid should, 
however, be stressed. 

Note : All the photomicrographs were taken by Mr. J. B. Homan, 
of the Department of Medical Art, with the collaboration of the 
author. They represent a magnification of X 800 diameters. In 
every instance the sections were counterstained with Harris’s 
hematoxylin and Van Gieson’s stain. 
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DESCRIPTION OF PLATES 
Plate 47 

Fig. I. A field that should show astrocytes, impregnated with ammoniacal 
silver carbonate made up according to Hortega’s first formula with lithium 
carbonate, after direct transfer of the sections from a wash in distilled 
water following hydrobromic acid, omitting Cajal’s fixative. 

Fig. 2. The same type of field, from the same case (3), following the same 
technic but interpolating an overnight soaking in Cajal’s fixative. The 
astrocytes and their fibrils become apparent, although not particularly well 
impregnated in this instance. 
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Plate 48 

Fig. 3. Largc-bodicd astrocytes, resembling “irritation forms” seen in gliosis, 
impregnated with ammoniacal silver hj'dro-Kid. White matter of cerebral 
cortex in Case i. 

Fig. 4. Fibrillary astrocytes impregnated by “ Flortega weak ammoniacal silver 
carbonate” method and developed with bulTered formalin. The fairly 
good impregnation presumably depends upon the presence of silver diam- 
mino hydroxid, due to excess sodium carbonate. Case 3. 
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Plate 49 

Fig. 5. Fibrillanf astrocytes impregnated \vitli pure silver diammino hj^lroxid 
and developed with buffered formalin; note the greater precision, the more 
delicate and truthful rendition of the fibrillae and the general uniformity 
of the background. Case 3. 

Fig. 6. Oligodendroglia in the cortex of Case i. These are the small, dark cells 
at the center of the field, with peculiarly shaped dendrites that tend to fan 
out at their extremities. One with four processes is seen at the right and 
somewhat below center. Impregnated with pure silver diammino car- • 
bonate (K. and D. method) and developed with buffered formalin. 







Plate 50 

Fig. 7. Microglia in the same ease, impregnated in the same manner. Two, 
with their complex dendrites, are well shown at the center, two others at- 
tached to small vessels, one at the left, the other below near the middle. 
Others are less distinctly seen. In the upper right corner is an oligodendro- 
glia satellite cell associated with a nerArc cell; another, showing “acute 
swelling,” is seen below the vessel at the left and resembles a rosette about 
a central plaque (the nucleus). 

Fig. 8. The effect of strong buffer, 0.002 per cent sodium carbonate, in contrast 
to 0.0002 per cent in all the preceding pictures. Note the reappearance of 
the neurofrbrillae, which were suppressed in the other cases. Indications 
of astrocytes are to be seen here and there, but there is great confusion of 
neuroglia and neurofibrillae. This is one of the sections impregnated by 
the Kubie and Davidson silver diammino carbonate solution in which the 
effect of an excess of sodium carbonate was tested out. Case 3. 
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SILVER STAINING OF THE SKIN AND OF ITS TUMORS* 

Geobge F. Laideaw 

{From the Laboralorics of the Department of Surgery, College of Physicians and Surgeons, 
Columbia University, New York, N. Y.) 

Long known as a capricious staining substance, silver does not 
always deserve this reputation. Provided that certain conditions 
are fulfilled, silver staining becomes as simple and as certain as the 
staining of nuclei with hematoxylin; at least, this is true of the 
peripheral nervous system, of the sldn, and of the argyrophilt 
reticula generally. 

The conditions are: (i) suitable fixation; (2) suitable mordanting; 
(3) the use of silver solutions ten to twenty times stronger than 
those in vogue. 

The fixative determines the result of the stain. When the silver 
worker has grasped this principle, half of his difficulties disappear. 
Differential silver staining might well be called differential fixation, 
for a given silver stain will produce quite different effects according 
to the fixative employed. This paper wiU deal with the application 
of these principles to the skin and to tumors of the skin, the fixa- 
tives selected being Bouin’s fluid and neutral formol. The resulting 
preparations will be described separately, for these fixatives are not 
interchangeable. 

Bouin Fixation 

Figure i illustrates a paraffin section of normal skin that has 
been (i) fixed in Bouin’s fluid; (2) mordanted with the Mallory 
bleach; (3) stained with del Rfo-Hortega’s lithium silver made ten 
times stronger than the original formula. 

The epithelial cells hold the stain, not only the surface epithelia 
but also those of the hair follicles, the sebaceous glands and the 
sweat glands. The staining of the epithelia is peculiar in that only 
the cytoplasm is colored; the nuclei are colorless. This is a constant 
feature of Bouin-fixed tissue, both normal and pathological. 

There is a curious exception to the positive staining of the epithe- 
ha. The basal layer does not stain; it looks as if the epithelium had 

* Received for publication AprE lo, 1929. 

t Scbiefferdecker’s popular word argentophil is a hybrid. Professor Schaffer points 
out that the correct form is argyrophil, which he attributes to Merk, 1899. 
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separated from the corium, but counterstains show that the basal 
cells are in place. Unna noted the same thing in his permanganate 
stain for reduction points. 

On examination of the corium beneath the epithelia, in the actual 
section the most striking feature is the reddish purple coUagen with 
its fine graining, indicating the ultimate fibrillae. Here and there, 
traced in black, are the delicate reticula of the arrector pili muscles, 
of the walls of the vessels, of the sheaths of the sweat glands and of 
the nerve fibers. Only the high magnification of an immersion lens 
brings out the full beauty of these silver collagen stains, presenting 
the fine lines and sharp contrasts of an engraving. 

Our first conclusion is that we have here a good collagen-reticulum 
stain. In truth, it is one of the shortest, simplest and most constant; 
but it is more than this. In contrast to the prominent epithelia, 
note that every cell native to the corium has vanished; fibroblasts, 
mast cells, endotheha of the vessels, smooth muscle cells of the ves- 
sels and of the arrector pili muscles, aU are gone. When we recall 
that the epithelia are ectodermic and that the vanished cells of the 
corium are of mesodermic origin, we begin to perceive the selective 
possibihties of this technique. 

Tumors 

It is interesting to observe tliis differential staining of ectodermic 
and mesodermic cells continued in their progeny as they form tumors 
in the skin. The daughter cells are true to type. In tumors of meso- 
dermic origin, fibromata, angiomata, lipomata and myomata, all 
cells disappear, leaving the reticula clearly outlined in black. In 
ectodermic tximors, adenoma, papilloma and epithelioma, the epithe- 
lial cytoplasm holds the stain, while the mesodermic cells of the 
interstitial tissue disappear; that is, the descendants of the fibro- 
blasts disappear, lymphocytes remain, as wiU be related under 
sarcoma. 

The sarcomas present a more complex problem, which will be 
discussed in a future paper. StiU, workers wishing to experiment 
with this technique may be interested in our tentative conclusions 
in this none too well iUmninated subject. Sarcoma, of course, is a 
mesodermic tumor, and one would say that if this technique is truly 
selective the sarcoma cells should be silver-negative. In the embryo, 
however, the mesodermic cells differentiate in two directions. One 
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line forms the framework of the body; these cells descend as fibro- 
blasts, osteoblasts, vessel endothelia and, eventually, fibroblastic 
sarcoma and osteogenic sarcoma. With Bouin fixation, this lineage, 
from the simple fibroblast to the fibroblastic and osteogenic sar- 
coma, is silver-negative. In the other line, the mesodermic cells dif- 
ferentiate into blood- and lymph-forming tissues, red cells, bone 
marrow, spleen, lymphatic tissues, lymphocytes and leucocytes, 
continuing imder favoring conditions as lymphosarcoma and sar- 
coma of bone marrow. In Bouin-fixed tissue, this lineage, from 
beginning to end, is silver-positive. 

Holding rigorously to the principle that function determines 
structure, Menetrier long ago divided the sarcomas into these two 
groups. It is curious to see how this selective silver technique dupli- 
cates his functional grouping in every detail. 

Of the Rous chicken sarcomas thus far examined, the cells are 
silver-positive, agreeing with Carrel’s observation that they spring 
from macrophages and not from fibroblasts. 

In sarcomas of every kind, giant cells are positive, as they are in 
tuberculosis, in nevi and wherever found. 

Nerves and Nerve Tumors 

The nerves of the skin present a special problem. With this 
technique, the axis cylinders, the neurokeratin of the myelin sheath, 
and the Schwann cells are constantly negative. This picture does 
not harmonize with Harrison’s well known experiment which seems 
to prove that the Schwann cells are derived from the ectodermic 
neural crest. We may recall, on the one hand, that the basal cells 
of the epidermis are silver-negative and, on the other hand, that 
more than one keen observer has asserted the mesodermic origin 
of the Schwann cells (quoted by Cajal, page 203). The question 
cannot yet be regarded as settled beyond dispute. 

On the peripheral nerves there occurs a puzzling tumor, known 
in this country as perineurial fibroblastoma, sometimes as neuro- 
sarcoma, and held to be derived from the fibroblasts of the nerve 
sheaths. Most European pathologists call it Schwannoma or periph- 
eral glioma and derive it from the Schwann cells, the “peripheral 
neuroglia.” The cells of this tumor are silver-negative, not throwing 
much light on their disputed origin; for both the Schwann cells and 
the fibroblasts are silver-negative also. 
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Formol Fixation 

Figure 2 shows a paraffin section of the same skin fixed in 10 per 
cent neutral formol Bearing in mind our maxim that the fixative 
determines the result of the stain, we should expect this fixative 
to produce a diflierent result from Bouin; and so it does. As with 
Bouin fixation, the epithelia take the stain; but, in formol fixation, 
it is the nuclei that are black, while the cytoplasm is colorless. This 
epithelial nuclear selection is constant in formol-fixed tissue, both 
normal and pathological, from all parts of the body. 

On examination of the corium, we seem at first sight to have the 
same picture as with Bouin, the mesodermic cells having vanished. 
On closer examination, we see that formol fixation makes a further 
differentiation in the corium. The endothelia of many of the vessels, 
the smooth muscle cells of the vessels and of the arrector pili 
muscles hold the stain, or, at least, their nuclei do, following the rule 
of formol fixation. This curious differentiation in the corium is fre- 
quent but not constant. 

Tumors fixed in formol follow the general lines of Bouin fixation 
in differentiating between epithelia and mesoblastic cells and be- 
tween structural and blood-forming mesoderm; but the results are 
not so constant as with Bouin fixation. The question merits further 
study. 

Discussion 

Of all the sharp eyes that have studied silver preparations, those 
of the Spanish master, del Rfo-Hortega, seem to have been the only 
ones to detect the differential staining of the epithelia and the con- 
nective tissue cells. In his paper on various methods for staining 
the connective tissue reticulum, using formol fixation, occurs this 
phrase: 

“Los protoplasmas de las celulas epiteliales (especialmente 
epidermicas), del higado, suprarrenal, rinon, celulas cianofilas, etc., 
muestranse difusamente tenidos, contrastando su tincion con la 
incolorabilidad de los elementos conjuntivos normales.” The illus- 
trious scientist of Madrid does not seem to have pursued the matter 
further. 

The silver negativity of the basal epithelia and of the Schwann 
cells and the division of the mesench3ane into silver-positive and 
silver-negative lines show that the principle of embryonic origins 
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cannot be applied too strictly. Function rather than embryological 
origin may determine the reaction; in fact, if we exclude collagen, 
a feeble reducer, the reaction of the cells to silver parallels the re- 
duction staining so thoroughly studied by Unna, Whatever the 
explanation, it seems that when, in the course of its development, 
a cell has acquired a positive or negative silver relation, its retention 
of that quality through many pathological vicissitudes enables us 
to recognize that cell when found far from its natural habitat and in 
activities that seem foreign to its nature. 

Technique 

1. Fix in Bouin for 3 days or in 10 per cent neutral formol for 3 
days. Old formol material may be improved by immersion in fresh 
neutral formol for 3 days. Formol-fixed tissue immersed in Bouin 
for 3 days will give nearly perfect but not quite perfect Bouin pic- 
tures; a positive endothelial or •smooth muscle nucleus here and 
there betrays the original formol fixation. 

2. Embed in paraffin or celloidin; or make frozen sections. 

3. Stick paraffin sections on the slide with Masson’s gelatin glue 
and harden in hot formol fumes; sections so treated seldom float 
off. 

4. After removal of the paraffin, wash Bouin sections in running 
water for 20 minutes to remove the picric acid; wash formol sec- 
tions for 5 minutes. 

5. Mordant with the Mallory bleach. Tissue recently fixed in 
formol (2 to 10 days) often gives the reaction without mordanting, 
but not constantly. 

{d) 1 per cent tincture of iodin, 3 minutes; rinse in tap water. 

(6) 5 per cent hypo (sodium thiosulphate), 3 minutes; rinse in tap 
water. 

(c) i per cent potassium permanganate, 3 minutes; rinse in tap 
water. 

{d) 5 per cent oxalic acid, 3 minutes; wash weU in running water 
for 10 minutes. 

6. Distilled water; change 3 times within 5 or 10 minutes to en- 
sure dean slides entering the silver solution. 

7 - Sio-Hortega’s lithimn silver augmented to 10 per cent. Heat 
the stock solution in the oven to 50° C and stain in the oven 
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for 5 minutes. We filter the used solution into a glass-stoppered 
bottle and use it a dozen times or more. 

8. Rinse the slides by pouring distilled water over both sides. 

9. Formol, i per cent in tap water; flood the sections frequently 
for 3 minutes. 

10. Rinse both sides of the slide with distilled water. 

11. Yellow gold chlorid, i to 500 of distilled water in a Coplin 
jar; immerse the slides at room temperature for 10 minutes. The 
gold solution may be used many times. 

12. Rinse both sides of the slide with distilled water. 

13. Oxahcacid 5 per cent; pour on slide and leave for 10 minutes. 

14. Rinse wth distilled water. 

15. Hypo, 5 per cent; pour on slide. Change as often as it be- 
comes turbid for 10 minutes. 

16. Wash well in running water. Counterstain if desired and 
mount in balsam. 

The times advised are those that have given us the clearest pic- 
tures in the shortest time, but this is not a finical technique; the 
time of the different steps may vary widely without affecting the 
result. The Mallory bleach solutions and the formol may be left 
on the slides for an hour or more without harm. Even the silver 
solution may vary in strength from 2 per cent to 15 per cent, the 
time in silver from 2 to 10 minutes and the temperature of the silver 
solution from room temperature (20 minutes) to 60° C; though the 
longer times and the higher temperatures are likely to give precipi- 
tates and dirty slides. After the formol, the slides may be left over- 
night in gold or in oxalic acid; and at any point in the technique 
the slides may be left overnight or over Sunday in distilled water or 
in tap water. In fact, some of us believe that counterstaining is 
better if the slides are left in tap water overnight between the h3q)o 
and the counterstain. 


Historical Note 

The use of potassium permanganate followed by a reducer en- 
tered histological practice in 1885, when Lustgarten borrowed it 
from the dyeing industry. In the next year Pal adopted it in his 
modification of Weigert’s myelin stain, changing the reducer from 
sulphurous acid to a mixture of oxalic acid and potassium sulphite. 
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In both instances the reaction was used after staining to differentiate 
overstained tissue. 

The use of permanganate and oxalic acid as a mordant before 
staining begins with Weigert’s neuroglia and fibrin techniques in 
1895. Against much opposition, Weigert remained convinced of the 
necessity of “oxidation and reduction” as a preparation for staining 
neuroglia and all other tissue difficult to stain. In 1898, Rosenthal 
applied the new Weigert neuroglia technique to a Zenker-fixed 
tumor and necessarily preceded the bleach with iodin-alcohol extrac- 
tion of the mercury. In 1900, Mallory included the permanganate- 
oxalic acid mordant in his phosphotungstic acid neuroglia stain. In 
1908, he changed the fixative to Zenker and established the bleach 
as it has been used ever since in American laboratories to prepare 
Zenker sections for staining. 

AU silver stains for reticuliun go back to del Rio-Hortega, 
Maresch and Bielschowsky; but mordanting with permanganate 
and oxalic acid was not part of the original technique. It begins 
with Perdreau, in 1921, who mordanted formol sections with per- 
manganate and Pal’s decolorizer. In 1924, Foot advised the full 
Mallory bleach for paraffin sections of Zenker material. In 1925, 
del Rio-Hortega published his Variant C for reticulum, mordanting 
frozen sections of formol material with permanganate and oxalic 
acid; he mentions Biondi as using it in his adaptation of Cajal’s gold 
technique to connective tissue. 

The writer’s contributions are the use of the Mallory bleach as 
a mordant for Bouin-fixed tissue, the increase of lithiiun silver to 
10 per cent (indispensable for the reticulum on nerve fibers), and 
the intercalation of oxalic acid between the gold and the hypo. 

Formulas 

Boilings Fluid, {Masson's Formula): To 300 cc. tap water add 
100 cc. commercial formol and 20 cc. glacial acetic acid. Add an 
excess of picric acid. Shake frequently and keep an excess of picric 
acid in the fluid. Ready for use in 3 days and keeps indefinitely. 

Masson's Gelatin Glue: Dissolve 0.05 gm. gelatin (in practice, a 
bit of ordinary sheet gelatin 5 millimeters square) in 20 cc. distilled 
water, warming it over the flame. Place a row of slides on the warm 
plate. Filter a large drop of gelatin solution on each slide and float 
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the paraffin section on it. As soon as the section spreads, stand the 
slide upright to drain, holding the section for a moment in the de- 
sired place with a brush or needle. At this stage do not permit the 
section to dry; when the excess gelatin has drained off, blot the 
section and place immediately in the oven at 45 to 50° C in formol 
vapor, secured by leaving in the oven an open dish of formol. For 
staining with hematoxylin and anilin dyes, 20 minutes in the hot 
formol vapor is sufficient; for silver staining, leave the slides for 
several hours or, better, overnight. 

Ten Per Cent Lithium Silver {Modified del Rio-Hortega) : To make 
120 cc. In a 250 cc. glass-stoppered graduate, dissolve 12 gm. silver 
nitrate C. P. in 20 cc. distilled water. 

Add 230 cc. saturated solution lithium carbonate C. P. in dis- 
tilled water; shake well; let settle to about 70 cc. of precipitate; 
wash weU with distilled water 3 or 4 times. 

After settling to about 70 cc. of precipitate, decant the wash- 
water; add aqua ammonia fortior, shaking constantly, until the 
fluid is almost clear. 

Add distilled water to a total of 120 cc.; shake and filter into 
stock bottle. The solution keeps for many months. It is so strong 
that a shght precipitate is negligible. 

Ordinary filter paper is apt to turn brown and discolor the solu- 
tion while filtering. Use Whatman filter paper No. 42 or No. 44 or 
Schleicher and Schiill No. 589. 

It is a pleasure to thank the many friends who have given the 
material for these observations, among them Professor Clarke, 
Director of the Laboratory, Professor Stout and Dr. Virginia Frantz; 
Professor Jobling and Dr. Kesten, of the Department of Pathology; 
Professor Hopkins, Dr. Machecek, of the Department of Derma- 
tology; Drs. Carrel and Ebeling, of the Rockefeller Institute; and 
Dr. Stewart, of the Memorial Hospital. The writer is especially 
indebted to Professor Ewing, who has given generously of his speci- 
mens, of his time, and of his rich experience. 
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Plate 51 

Fig. I. Normal skin fixed in Bouin. Epithelial nuclei and basal cells colorless; 
mesodermic cells of the corium colorless. X 500. 

Fig. 2. Normal skin fixed in neutral formol. Epithelial nuclei positive, cyto- 
plasm colorless; mesodermic cells of corium colorless. X Soo. 










MECONIUM ILEUS WITH CONGENITAL STENOSIS OF THE 
MAIN PANCREATIC DUCT* 

Borris A. Kornbuth, A.B., M.D., and S/Vdao Otani, M.D. 

(From Ihc Laboratories of the Mount Sinai Hospital, New York, N.Y.) 

This report concerns a case of intestinal obstruction in a newborn, 
a double perforation of the ascending colon with a superimposed 
peritonitis and the formation of a false diverticulum in the ileum, 
as a result of accumulated thickened meconium. Very few isolated 
cases have been reported in the literature (Landsteiner,^ Fischer,^ 
FanconP) . 

Report of Case 

Clinical History: R. C., a female infant, was born at full term in a primipara 
after a normal gestation and normal delivery. The birth weight was 7 pounds, 
3 ounces. The child was breast fed six times a day at three hour intervals and 
was given water between feedings. For two days the child progressed well with 
the exception that no meconium passed. On the third day a moderate amount 
of distention was noted and the child vomited 20 minutes after feeding. During 
the third and fourth days, the distention became progressively more marked 
and the vomiting continued. Milk appeared in the mother’s breast on the fourth 
day. The infant was admitted to the service of Dr. Charles Elsberg on the 
fourth day because of progressive distention of the abdomen, continued vomit- 
ing for two days and failure to pass meconium since birth. 

Examination: This showed an acutely ill, drowsy, female infant with a 
markedly tympanitic, distended abdomen, over which the skin was tense and 
streaked by a number of prominent veins. The mnbilical stump was clean and 
protruded as a black cord. The rectal examination was negative. There were 
no external congenital abnormalities. Temperature 98°, pulse 170. 

Course: Roentgenographic examination of the abdomen revealed the presence 
of free air in the peritoneal cavity with marked distention of the small intestine 
(Fig. i). A diagnosis of intestinal perforation due to intestinal obstruction was 
made and the abdominal cavity was explored by Dr. P. Klingenstein. Upon 
incising the peritoneum there was a release of gas. The loops of the small in- 
testine were markedly distended and covered with a pasty brownish material. 
There were a number of distention ulcers and a Meckel’s diverticulum which 
showed no inflammation. The exploration was discontinued because of the 
child’s poor condition and drainage was instituted to the region of the cecum, 
where the greatest amount of reaction appeared. 

The postoperative course was extremely poor. The child repeatedly vomited 
small amounts of fecal-appearing material. A Murphy infusion was expelled. 
The child’s condition became progressively worse and death ensued seventeen 
hours postoperatively, three days after the onset of symptoms. 

* Received for publication December 3, 1928. 
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Pathological Report 

A necropsy was performed by Dr. Klemperer and Dr. ICornblith 
seventeen hours after death. An abstract of the protocol reads as 
follows: 

The body is that of a well developed, white, 5 day-old infant in 
incomplete rigor mortis. The umbilical cord appears as a 4 cm. 
black protrusion on the abdomen. There is no reaction about the 
base of the umbilical stump. The abdomen is tremendously dis- 
tended. There is a 5 cm. lower right rectus incision. At the lower 
angle of the wound, there is an ill-defined tract extending down to the 
region of the cecum. On opening the peritoneal cavity many loops 
of intestine are found loosely adherent to the anterior parietal 
peritoneum. Agglutinations are present about all the loops of in- 
testine. There are no abnormal bands; no volvulus or kinking of 
the gut. In the peritoneal cavity about 100 cc. of brownish green, 
fecal-appearing material is found either loosely or in pockets closed 
off by intestinal loops. The same material is present in the right 
lumbar gutter. There are fibrinous adhesions between the liver and 
the diaphragm, as well as between the spleen and the parietal 
peritoneum. 

Gasiro-Intestmal Traci: The oesophageal mucosa is reddened and 
has a brownish, sticky, mucoid material on its surface. The stomach 
is moderately dilated and contains about 1 5 cc. of a loose, mucoid, 
brown, non-fecal-smelling material. The mucosa is edematous. The 
duodenum and jejunum are extremely distended to about six times 
the diameter of the normal lumen. Throughout its length, the in- 
testinal lumen is filled with meconium wliich is like putty in con- 
sistency. It is very tenacious and adheres very firmly to the mucosa, 
from which it can be separated only with difSculty, leaving a smooth 
surface. This same condition obtains in the proximal ileum, which 
in addition shows five ulcers on the antimesenteric border measur- 
ing 2.5 to 5 mm. in diameter. The ulcers are flat and extend through 
the mucosa and muscularis. Two of the ulcers actually perforate 
the serosa. At 27 cm. from the ileocecal junction, there is present 
a true Meckel’s diverticulum, which is conical in shape, about i cm. 
high and i cm. across the base. It possesses all the coats of the 
intestine and shows no inflammatory changes about it. Ten cm. 
distal to the diverticulum, i.e., 17 cm. from the ileocecal junction. 
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there is a defect in the serosa and muscularis which appears as a 
wedge-shaped, clear-cut area, through which there protrudes the 
mucosa of the ileum as a false, conical-shaped diverticulum about 

1 cm. high and i cm. across the base. It is tissue paper-thin and 
breaks on manipulation. There are fibrinous adhesions about it. 
The ileum, from the Meckel’s diverticulum to the cecum, feels 
thickened. On the mesial aspect of the ascending colon, about 1.5 
cm. from the ileocecal junction, there is a collection of brownish, 
granular material, partly walled off by adhesions. The wall of the 
ascending colon at this point shows a perforation 1.5 cm. in diameter. 
The edges of this perforation are everted. The mucosa protrudes 
through the opening in the serosa and muscularis. One cm. distal 
to this area on the ascending colon there is a similar perforation. 
The proximal half of the colon is considerably distended. Just be- 
yond the hepatic flexure it becomes collapsed. The area of transition 
is not abrupt. It extends over a distance of 2 cm. without any zone 
of demarcation. Here the tenacious brown intestinal contents are 
looser in consistency. Distally the colon is completely collapsed. 
It contains a fairly thick mucoid colorless material which bears no 
resemblance to meconium. The mucosa is untinged. The wall of 
the intestine is edematous throughout. In the region of the recto- 
sigmoid, there is a diffuse, submucosal hemorrhage for a distance of 

2 cm. Nowhere is there any anatomical obstruction to the lumen of 
the gut (Fig. 2). 

Other Tissues: The lungs are markedly congested and atelectatic. 
The heart shows a patent foramen ovale. The liver shows no ab- 
normality. The gall-bladder contains a small amount of bile. The 
common duct can be probed without difficulty. The spleen is nega- 
tive. Both kidneys show uric acid infarcts. The adrenals are both 
large. On cut section, the zona reticularis is practically intact, ex- 
cept at the lower pole, where it shows beginning hemorrhage. 

Pathological Diagnoses: Meconium ileum; generalized meconium 
peritonitis; perforations of the ascending colon; perforation of a 
false diverticulum of the ileum; Meckel’s diverticulum; atelectasis 
of the lungs; uric acid infarcts of the kidneys; status after explora- 
tory laparotomy for intestinal obstruction. 
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Histological Examination 

Sections taken from all parts of the intestinal tract for histological 
study reveal the following. 

Mucosa: The mucosa of the entire small intestine shows no ab- 
normality except in the re^on of the terminal ileum. Here it is 
very much flattened. At the sites of the tension ulcers, the mucosa 
is absent. At the false diverticulum, the outpouting mucosa is 
necrotic and contains a few lymphocytes and a number of bacteria. 
The mucosa of the entire colon is also markedly flattened out, es- 
pecially in the section of the collapsed descending colon. 

Suhmicosa: The submucosa throughout shows marked congestion 
with small hemorrhagic areas at irregular intervals and marked 
edema which extends through the major portion of the stroma. 

Circitlar Muscle: The circular muscle is widened throughout the 
course of the small intestine except at the tension ulcers, where 
the muscle fibers are narrowed, hyalinized and necrotic. In the as- 
cending colon the muscle fibers are compressed to about one-half 
of the diameter of the circular muscle in the descending colon, 
which appears normal. Throughout the intestine there are wide 
gaps in the muscularis through which the nutrient vessels penetrate 
to the submucosa. These gaps occasionally measure as much as 
the entire width of the intestinal muscle itself. 

Oxiter Longitudinal Muscular Layer and Serosa: These show 
marked edema. On the surface of the serosa there is a thin coat of 
a homogenously pink-staining amorphous substance and in places 
a thready granular material containing some fat and bile pigment — 
apparently adherent meconium. 

Leiicocyte Reaction: There is no polymorphonuclear leucocytic 
reaction in any part of the intestine, although there is an increase of 
mononuclear cells within the intestinal wall at the site of the tension 
ulcers. However, both gram positive and gram negative bacilli and 
cocci of various types are present upon the serosa. 

A section through the tension ulcer shows an abrupt interruption 
of the mucosa. The submucosa is hemorrhagic and its structure is 
unrecognizable. The muscularis contains a few bacilli and a number 
of mononuclear infiltrations. 

Nerves: The sympathetic ganglia around the celiac axis stand out 
clearly and show no pathological changes. The plexuses of Auerbach 
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and Meissner appear normal in all sections. In the mesentery of the 
descending colon nerve bundles stand out prominently, again ap- 
pearing normal. 

Pancreas: The pancreas shows a marked increase in the stroma. 
The acinar tissue is in general atrophic and in many areas is com- 
pletely replaced by connective tissue. The ducts are dilated and 
show extensive proliferation. These changes are especially evident 
in the head of the pancreas. The islands of Langerhans, however, 
are apparently unaffected (Figs. 3 and 4). The main pancreatic duct 
is extremely widened and contains a granular pink-staining sub- 
stance in globules or concretions which fill the lumen (Fig. 5). The 
dilatation of the ducts extends even into the terminal portions in- 
volving the acini with the result that the acinar cells are flattened, 
occasionally resembling the small ducts (Fig. 5). There is no evi- 
dence of any reaction about the duct except in the body of the pan- 
creas, where a small amount of lymphocytic infiltration is present. 

Meconium: On microscopic examination the meconium shows 
many round, hazy, fat droplets which stain with Sudan III, des- 
quamated epithelial cells, and a few cholesterol crystals. There 
are very few gram positive, large diplobacilli which are probably 
contaminants. 

Umbilical Stalk: This shows no changes. 

Discussion 

In reviewing the findings, it must be noted that this is a case of 
ileus, with intestinal perforations, a consequent peritonitis and 
fibrotic changes in the pancreas, in an otherwise relatively normal 
5 day-old infant. 

Did this perforation occur before birth, during birth or after birth? 
In four reported cases of intestinal perforation where the perforations 
were traced back to the time of delivery, the symptoms of distention, 
of vomiting, or both were present immediately after birth or when 
feeding was attempted for the first time. Death invariably super- 
vened within fifteen hours (ZiUner^). From the gross and micro- 
scopic studies it is seen that the peritoneal exudate is in the nature 
of a recent reaction. There is no organization. There are aggluti- 
nations but no adhesions. The meconimn in the peritoneal cavity 
appears fresh, not calcified, and there are no foreign body giant cells. 
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The infant was apparently well for two days before the onset of 
clinical symptoms and died as late as the fifth day. It is, therefore, 
most likely that the perforation occurred during the third day at the 
time of onset of the vomiting and distention. 

The nature of the perforation is described almost identically by 
all authors. It is a perforation about 0.7 to 1.5 cm. in diameter, 
whose edges roll outward, showing a pouting edge of necrotic mucosa 
and submucosa (Zillner). It is agreed that such a picture is consis- 
tent with a “blow-out ” from within the lumen by increased pressure 
at a point of weakness in the muscularis and serosa (Genersich ®). 

The position of the two perforations in the colon is in accord with 
the site of predilection for saccule or false diverticulum formation as 
conceived by Drummond,® and others. Both occur on the antero- 
mesial side of the ascending colon in the region of the haustra be- 
tween the tenia mesenterica and tenia libera at a point of entrance 
of the blood supply to the intestine, a point of anatomic weakness. 
Progressive distention of the ascending colon present in this case 
would produce the necessary and sufficient conditions for the forma- 
tion of a diverticulum. The diverticulum thus formed is more prone 
to necrosis and perforation, since by passing through the region of 
its blood supply its own nutrition is compromised. Rupture may 
then be expected to occur. By their gross appearance and micro- 
scopic study the perforations may be considered as ruptured false 
diverticula. 

The diverticulum in the ileum does not conform to the pathologi- 
cal picture in any stage of a tension ulcer, since in the latter the 
changes take place first in the mucosa and submucosa. Since the 
gross appearance shows a clear-cut edge like that of an incision of 
the serosa and no changes in the intestinal waU, this diverticulum 
on the antimesenteric border conforms more to an injury to the 
serosa and muscularis, produced from the outside during manipula- 
tion of a distended loop of gut at the exploratory laparotomy. The 
distention continued and at this weak point the mucosa protruded. 
The outpouting mucosa in the perforations of the ascending colon, 
however, must be considered as pulsion diverticula going through 
an anatomically ill-defended space like a hernia through the internal 
inguinal ring (Drummond). A similar condition is foimd in Fischer’s 
case. 

This case cannot be classified among those of so-called spontane- 
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ous perforation due to injury as assumed by Zillner. There is no 
history of trauma to the mother or to the child at birth. Also, such 
spontaneous ruptures reported are all single, occurring in the sigmoid. 
And finally, the h)rpertrophy at the ileocecal region as well as the 
tension ulcers in the ileum indicate a condition of some duration 
and not an acute spontaneous occurrence. A primary inflammatory 
lesion of the intestinal tract is not to be considered. It is most likely 
that organisms played no causative role in this condition. There is 
no evidence of an inflammatory reaction due to organisms anywhere, 
even in the region of perforation. The peritoneal exudate too was 
not foul-smeUing, and the meconium was singularly free from organ- 
isms. Kendall ' reports the mecomum sterile at birth and demon- 
strates organisms as invaders on the third day. The pathogenesis 
of this case agrees more with the conception of Paltauf,® who pic- 
tures the reaction as one of necrosis due to circulatory interference. 
The microscopic sections confirm this view. 

Hypoplasia of the large intestine is out of the question (Fanconi). 
The gross appearance and microscopic sections show no such 
changes. In addition, the collapse would be expected to begin at 
the ileocecal junction rather than at the transverse colon and very 
little material to have advanced through the ascending colon. The 
condition here is obviously different. 

It is highly improbable that there was any neurogenic disturbance 
here causing intestinal stasis. Keith ® believes that irritation of the 
neuromuscular element, or Auerbach’s plexus produces spasticity 
of the intestine and that its destruction causes loss of tonus and 
stasis. He was able -to demonstrate the presence of definite fibrotic 
and degenerative changes in this nodal tissue in segments of large 
intestine extirpated for the relief of intestinal stasis. Examination of 
the sympathetic ganglia and myenteric plexuses reveals no changes 
in this case. They stand out clearly as normal structures in both the 
plated ascending colon and coUapsed descending portion. There is, 
m addition, evidence that there had been intense peristalsis in the 
large intestine, in the marked dilatation, diverticulum formation 
and progression of meconium to the hepatic flexure. 

The history of swelling of the abdomen, vomiting and retention of 
meconium gives the cardinal symptoms of obstruction. The com- 
mon causes for obstruction, such as stenosis, fetal bands, atresia, 
Sj intussusception, volvulus, are absent here. The postmortem 
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findings indicate no anatomic block to the intestinal lumen, and 
yet there is a collapse of the large gut at the hepatic flexure and 
the remainder of the mucosa of the colon is untinged by meconium. 
This speaks for an obstruction from within, especially since at birth 
meconium should have been down near the anus. In the normal 
condition meconium reaches the ileocecal junction during the fourth 
month and the rectum by the fifth month of pregnancy. It passes 
quickly along the jejunum, and at birth the entire large intestine and 
the ileum are distended with it (Torkel In this case the meco- 
nium was found putty-like in consistency, fatty and extremely 
tenacious, and had progressed no farther than the hepatic flexure. 
It was thickest at the region of the ileocecal junction and cecum, 
and became progressively less thick oralward. The obstruction is, 
therefore, attributed to the thickened meconium. 

It is clear that there was obstruction and that the obstruction was 
in the lumen. Again this obstruction must have occurred at two 
points: the first at the ileocecal junction and the second, a later one, 
at the hepatic flexure. It is important to note that the type of in- 
testinal content and its disposition determine the hypertrophy and 
dilatation of the intestine. Where the content is loose, more can fill 
in the lumen without impaction and efforts to expel it wll cause dila- 
tation as well as hypertrophy. This is illustrated in a case of jejunal 
atresia, in which the proximal jejunum contained loose granular 
material, was dilated to the size of an infant’s arm, and showed 
h3q)ertrophy of its wall after six days (Fanconi). Again, when the 
material is hard and the time of stasis is short, dilatation wiU take 
place first without hypertrophy. While there is hypertrophy and 
dilatation and tension ulcer formation in the distal ileum in the case 
reported, dilatation alone without hypertrophy is seen in the ascend- 
ing colon. This points to the large intestine as the region of most 
recent stasis. 

If the obstruction then was the result of inspissated meconium, it 
is now proper to investigate the cause of the meconiiun thickening. 
A case of Torkel’s showed infiltration and hyperemia in the intesti- 
nal wall. He attributed the thickening of the meconium to the in- 
flammation of the intestinal wall. Fanconi offers the suggestion that 
there may be an interference with the normal secretion of the in- 
testinal glands. Farrer’s case in Fanconi’s series showed an obstruc- 
tive jaundice, and he believed that the insuflicient secretion of bile 
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resulted in a changed consistency of the meconium. Landsteiner’s 
case demonstrated a fibrosis of the pancreas to which he attributed 
the tliickening of meconium. The case here reported shows an 
identical change. 

The cause of the pancreatic fibrosis was next investigated. 

It is known that syphilis can produce similar changes of fibrosis 
in the pancreas, however, without such marked dilatation of the 
duct, which is an outstanding pathological change here. The organs 
showed no signs of syphilis, and a thorough search in Levaditi 
preparations revealed no spirochetes. 

It may be proposed that the connective tissue skeletal structure 
and the parenchyma in their development, by proliferating at dif- 
ferent rates, will result in fibrosis and atrophy of the secreting por- 
tion. This, however, again would not account for retained secretion 
and dilatation of the ducts. 

Serial sections through the head of the pancreas, over 600 in all, 
were studied with special reference to the ducts. The lumen of the 
duct of Wirsung was enormously dilated throughout its course in 
the body and tail, but it was found to decrease in size when it reached 
the head of the pancreas 600 microns from the duodenal opening. 
Its wall was thrown into folds and around it were proliferated ducts, 
similar to those present in the periportal spaces of the liver in cases 
of congenital atresia of the common bile duct. At the region of 
narrowing, the epithelium was absent, and the duct was recognized 
with difficulty as a microscopic slit. There was, however, no atresia, 
and the lumen was observed to widen only slightly on its way from 
the zone of greatest narrowing to the duodenum. The duct of 
Santorini could be followed for only a short distance. It ended in 
the tissue of the head of the pancreas, showing no outlet into the 
duodenum (Figs. 6 and 7). 

The changes in the pancreatic tissue were identical throughout 
the organ as described above, namely: marked fibrosis, distention 
of the ducts with retained secretion, distention of the terminal 
ducts and atrophy of the acini. 

The incomplete course of the duct of Santorini is not extraordi- 
nary. Opie found that the accessory duct though well developed, 
showed no opening into the duodenum in twenty-one of one hundred 
cases studied. However, there is not a single reference in the litera- 
ture to the stenosis or atresia as an anomaly of the duct of Wirsung. 
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Yet, this is the condition here — a congenital stenosis of the main 
pancreatic duct. 

The changes, present here correspond almost exactly to those 
brought about experimentally after ligation of the pancreatic duct. 
Ukai has demonstrated conclusively that fibrosis of the pancreas 
and dilatation of the ducts may begin as early as four days after 
ligation of the ducts. It is suggested, therefore, that the stenosis of 
the duct of Wirsung in this case may have produced the changes 
described. For the cause of the stenosis, one may consider the 
theory advanced by Tandler in explanation of duodenal atresia. 

The major number of atresias of the intestine occur in the region 
of the duodenum. Tandler states that the duodenum is especially 
predisposed to atresias because of adhesion of its epithelium, 
Epithelverklebnng, during the rotation of the gut in the embryo. 
It is normal for the epithelium to become agglutinated, and its 
failure to reopen causes an atresia. 

There is no clue to the pathogenesis of the pancreatic duct stenosis, 
but it is possible to conceive it as a condition of Epithelverklebung, 
similar to that causing duodenal atresia as believed by Tandler. 

The pathological picture of the pancreas is thus consistent with 
the blocking of the main duct with obstruction to the outflow of 
pancreatic secretion. Whether or not the absence of pancreatic 
secretion has any effect upon the consistency of the meconium must 
be considered from the following facts. Hess,^'* by means of the 
duodenal bucket method, showed that all of the three ferments, 
trypsin, steapsin and amylopsin, are present in infants before they 
are put to the breast. Meconium ordinarily contains mucus, bile, 
epithehal cells, fat globules, cholesterol and intestinal secretions. 
The water content of meconium is 72 per cent (Davy In con- 
trast, a normal child’s stool contains 84 per cent of water. The me- 
coniiim is thus more concentrated in solids. The functions of the 
pancreatic secretion, as elaborated by Pfiiiger^® and recently by 
Okada and also Lombroso,^® include digestion of fat and aiding in 
the absorption of the split products of proteins and fats from the 
intestine; and here may be added the dilution of the intestinal con- 
tent. Cases with diminution of pancreatic function in Okada’s 
series showed voluminous stools. Thaysen reports Lombroso’s 
experiments with ligated pancreatic ducts in dogs, which also showed 
the formation of fatty stools. In a newborn with multiple intestinal 
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atresias, the intestinal content was found crumbly and tMck in a 
portion of intestine which had no pancreatic juice or bile accessible 
(Fanconi). 

The absence of the pancreatic secretion normally found in meco- 
nium may be considered to have resulted in an alteration in its con- 
sistency, due to failure in dilution and failure in the digestion of fats 
and proteins present. 

The submucosal hemorrhage in the sigmoid is an incidental finding 
and most likely due to trauma of rectal examination and insertion of 
a catheter. Landsteiner reports a similar finding in his case. In 
investigating injuries to the rectum and colon from below, ZiUner 
attempted to introduce catheters in newborn infants and found it 
most difficult, so that at most a 5 mm. wide catheter went a distance 
of 6 cm. at most and caused injury in the rectum on its way. 

The sequence of events then is considered to be as follows. Be- 
cause of pancreatic insufficiency, a thickened meconium resulted 
in the infant’s intestine. On its way through the intestinal tract it 
was obstructed at the ileocecal junction, a point of physiological 
narrowing. This caused intestinal peristalsis, hypertrophy of the 
ileocecal region and a back pressure with the production of tension 
ulcers in the distal ileum. Some of the thickened meconium was 
apparently driven through to the ascending colon after birth when 
feeding induced increased peristalsis. In the region of the hepatic 
flexure, another zone of physiological narrowing was encountered, 
resulting in complete obstruction. The cecum became distended, 
and two diverticula formed. Because of further peristalsis and in- 
creased pressure from the first two days feeding, the diverticula 
ruptured into the peritoneum on about the third day. Meconium 
peritonitis followed and caused the infant’s death. 

It is remarkable that only one other case is reported, that of 
Landsteiner, which is in every respect identical with this one, 
although the case of Fischer, reported recently, might very well be 
explained on a similar basis. 


Summary 

I- A case is presented with the rare anomaly of congenital stenosis 
of the duct of Wirsung. 

^ 2. The absence of pancreatic juice caused inspissation of meco- 
nium with subsequent intestinal obstruction, ileus and perforation. 
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DESCRIPTION OF PLATES 


Plate 52 

Fig. I. X-ray of abdomen before operation, showing marked distention of the 
intestinal loops and free air beneath the diaphragm. 

Fig. 2. Schematic drawing of terminal ileum and ascending colon, showing a 
Meckel’s diverticulum, a false diverticulum of the ileum and two perfora- 
tions of the ascending colon. 

Fig. 3. Pancreas, showing increased connective tissue and atrophic acinar tis- 
sue wth proliferation of the ducts. X 150. 
















Plate 53 

Fig. 4. Pancreas, showing marked proliferation of the smaller ducts and atro- 
phic acini. X 150. 

Fig. 5. Pancreas, showing dilated pancreatic ducts with concretions. Note the 
dilatation of the terminal ducts. X 150. 
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Plate 53 
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Plate 54 

Fig. 6. Pancreas, showing serial sections of the duct of Wirsung to illustrate 
progressive narrowing: (i) bod\'; (2) body near head; (3,4, 5) head; (6) nar- 
rowest portion; (7) terminal portion at duodenum. X 120; all of equal 
magnification. 

Fig. 7. Schematic drawing of pancreatic ducts, showing stenosis of the duodenal 
portion of the duct of Wirsung with extreme distal dilatation. 
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the percentage of the different types of cells in 

THE MALE ADULT HUMAN HYPOPHYSIS * 

A. T. Rasmussen 

{From the Department of Anatomy, University of Minnesota, Medical School, 
Minneapolis, Minn.) 

Introduction 

The interest now taken in more precise investigation of the endo- 
crine organs in abnormal conditions demands a corresponding in- 
crease in the knowledge of the normal variability of these structures. 
As rapidly as possible norms must be established to serve as stand- 
ards for measuring the degree of abnormality. This is probably no- 
where more pressing than in connection with the hypophysis cerebri. 
The rapid changes in ideas regarding the significance of the different 
parts of the hypophysis, Ceiling,^ makes quantitative and more 
accurate statistical data especially urgent, for without this, erro- 
neous deductions and undue speculation are apt to further com- 
plicate the situation. 

Comparatively accurate figures on the variability of the main 
parts of the normal male adult hypophysis were recently published 
by Rasmussen.^ It is, however, necessary to go further into the 
histology and cytology of this organ. The relative mrniber of the 
various types of cells in the anterior lobe — whether they are dif- 
ferent functional stages of the same ceU or distinct types each with 
its own specific function, a question that is still debated — needs 
rather careful consideration on accoimt of the many statements on 
variations from the normal that appear in the literature on path- 
ology. A good example of this is a recent paper by Kiyono ® on the 
histopathology of the hypophysis in which the author reports almost 
invariably either a decrease or an increase in one or more types of 
cell. In that particular study the most common change was an in- 
crease m the basophils. Next in order was an increase in chromo- 
phobes and still less frequently either an increase or a decrease in 
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acidophils in about equal proportion. A decrease in basophils and 
chromophobes was noted only rarely. One wonders what criteria of 
normality were used. 

There is a widespread notion that in the human adult acidophils 
predominate, basophils being next in number and chromophobes 
the fewest of all, Erdheim and Stumme/ Blair-Bell,® Erdheim,® 
Ewing.^ Others agree that the acidophils are by far the most numer- 
ous and that the other types are present in relatively small quanti- 
ties, but vary somewhat in regard to the relative proportions of the 
latter, Mott and Robertson,® Cooper.® But the most accurate state- 
ment seems to have been made nearly thirty years ago by Thom,^® 
who estimated that at least a third are acidophils and that basophils 
are much fewer. This leaves the chromophobes as the most numer- 
ous. 

Changes in the relative number of the different types of cells in 
old age are variously interpreted. Some think the chromophils de- 
crease in advancing years, Erdheim,^^ Cooper.® Others claim that 
the basophils increase, Lucien,^® Kraus.^® 

Of the many reported changes in the human hypophysis under 
physiological and pathological conditions (for an extensive bibliog- 
raphy see Erdheim®), an increase in acidophilic cells during 
pregnancy and the presence of acidophilic adenomas in acromegalia 
are the most thoroughly established. According to Bailey and 
Cushing the acromegalic symptoms in dyspituitarism are roughly 
proportional to the presence of acidophihc granules in the tumor. 
Undoubtedly other important relations will be brought out when 
thorough examinations with improved technique have been carried 
out on a large series of hypophyses with known histories. 

This investigation is an attempt to supply more accurate data on 
the variability in the proportions of the different cells in the an- 
terior lobe of the hypophysis of supposedly normal male adults and 
to check some of the conclusions reviewed above. While as many 
as seven different kinds of cells have been described, only the three 
commonly accepted classes (chromophobe, acidophil and basophil) 
are clear-cut enough to be recognized with sufficient accuracy to 
admit of quantitative analysis. The chromophobes are also called 
chief cells, reserve cells, undifferentiated cells, and neutrophils. The 
acidophils are frequently termed eosinophils, oxyphils and more 
recently alpha cells. The basophils are also designated cyanophils 
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and beta cells. The relative merits of these terms need not be dis- 
cussed here. It is but another example of lack of standardization in 
histological terminology and rmiformity of technique. 


Method 

Histological Technique: The method has been explained in detail 
in an earlier paper, Rasmussen and Herrick.^® In brief it consists 
of fixing in formalin and embedding in paraffin, orienting so that the 
hypophysis can be cut into serial sections in the horizontal plane. 
By determining the vertical diameter of the organ, the total number 
of sections can be calculated. After cutting about one fourth of the 
sections at 10 microns, ten sections at 5 microns are taken. Cutting 
is continued at 10 microns till halfway through the block, when ten 
more 5 micron sections are cut. When three fourths through, ten 
sections 5 microns thick are again taken. The rest of the block is 
cut at 10 microns. 

Only the 5 micron sections are used for cell counting. The thick 
sections (if the organ is perfect) can be used for other studies. The 
thin sections from the three levels are stained by Mallory’s acid 
fuchsin-orange G.-anilin blue method. In the later part of the work 
the nuclei were brought out more sharply by first staining about one- 
half to one minute in ordinary hematoxylin and washing well in dis- 
tilled water before going into the acid fuchsin, as suggested by Bril- 
myer.^® This facilitates counting. The essential staining technique, 
frequently termed Mallory’s connective tissue stain, appears to be 
used more and more extensively for various purposes, either as 
originally used or with various changes. Some recent modifications 
have just appeared in a paper by Chiovenda.^'^ 

Several sections from each level are stained, varying the time in 
the different solutions as trial staining indicates. On reasonably 
fresh material fixed in formalin or corrosive sublimate, or both, the 
three kinds of cells stand out in great contrast. 

Counting: The most favorable section from each level is explored 
systematically under an oil immersion lens on a binocular micro- 
scope by means of a mechanical stage. The epithelial cells in every 
fifth microscopic field in every fifth row of fields are counted. Only 
cells containing a nucleus are considered, in order not to over- 
evaluate the larger cells. A large cell is cut into more sections than 
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a small cell and hence appears more numerous than it really is. 
The nuclei of the different types of cells average nearly the same in 
diameter. 

Each field is naturally subdivided into irregular areas by blood 
channels and strands of connective tissue, so that it is fairly easy to 
keep in mind the parts of the field that have been traversed in the 
process of counting. Even in 5 micron sections it is necessary to 
focus up and down on every group of cells in order to bring into view 
all the nuclei within the section. 

In this way there are obtained from about 100 to 350 microscopic 
fields and a total cell count of about 10,000 to 30,000 cells in each 
hypophysis. The results do not differ more than 2 per cent when 
compared wth a count on sections from 20 to 30 levels, which nat- 
urally requires much more time. 

Plane of Section and Pattern of Cell Distribution: If sagittal sec- 
tions were used many more levels would have to be used because of 
the irregular distribution of the various kinds of cells. The pattern 
of arrangement is much more imiform in horizontal series. The 
acidophils are more or less concentrated into two areas which occupy 
much of the central and posterior part of each lateral half of the lobe. 
In the midsagittal plane and anterior and lateral margin, frequently 
extending back to the posterior lobe, the acidophils are less numerous 
and hence the chromophobes and especially the basophils are more 
numerous than elsewhere. 

Selection of Material: In order to get as normal material as prac- 
ticable, only specimens with no evident pathology, from cases of 
sudden and usually accidental death, were used, and then usually 
only if fixation occurred within twelve hours after death. A few 
hypophyses that seemed unusually well preserved after a somewhat 
longer postmortem period are included. 

Results 

Frequency Distribution: The distribution of the percentages is 
shown in Charts i, 2 and 3. These graphs are fairly symmetrical for 
this kind of data. The chromophobes are skewed slightly in the 
negative direction, while the acidophils and basophils show slight 
positive skewness. We have no explanation for the bimodal dis- 
tribution of the chromopholes. 
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ChromopfioScs 



Chart i. Frequency distribution of the percentage of the chromophobes in 
the anterior lobe of the normal male adult hypophysis. 


Acidophils 




38.0 4Z.0 
to to 
41.9 45.9 
Tbpcent. 



Chasx 2. Frequency distribution of the percentage of the acidophils in the 
anterior lobe of the normal male adult hypophysis. 
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Percentage of Chromophobes: As shown in Table I, the chromo- 
phobes vary from 34 per cent to 66 per cent, the central tendency 
being somewhat over 50 per cent. The great scarcity of chromo- 
phobes so often mentioned is not substantiated. In no single case 



Itep cent. 


Chart 3. Frequency distribution of the percentage of the basophils in the 
anterior lobe of the normal male adult hypophysis. 

did they constitute less than one third of the total cells. It must be 
remembered that many chromophobes contain practically no cyto- 
plasm and hence are in the background of the picture and generally 
underevaluated. The average is 52.2 per cent. The coefficient of 
variabihty is 15. This is the same degree of variation as in the 
weight of the hver and shghtly less than the variability of the kid- 
ney and heart whose coefficients of variabihty are respectively 17 
and 18. 

Percentage of Acidophils: The acidophils (Table I) are less numer- 
ous, varying from about 23 per cent to 59 per cent, and having a 
mean value of 36.8 per cent. The coefficient of variation is 21. This 
is the same degree of variability as is found in the weight of the an- 
terior lobe of the hypophysis. In only five cases did the acidophils 
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constitute one-half or more of the total number of cells. The ten- 
dency of so many investigators to regard these cells as being the most 
numerous is very likely because they are very conspicuous, due to 
their size and intense staining reaction. 

Percentage of Basophils: The basophils (Table I) are the least 
numerous, representing only 11 per cent. They are also the most 
variable in number, ranging from 4.5 per cent to over 27 per cent. 
The coefficient of variation is 34. This is about the variability of the 
weight of the normal spleen and thymus. 


Table I 

Percentage of the Different Types of Cells in Anterior Lobe of Human Hypophysis 
(100 Normal, Male, Adults) 


Cell types 

Mininium 



Mean and 
probable error 

Standard 

deviation 

Coefficient 
of variation 

Chromophobe 

34-0 

65.9 

54-3 

52.2 ± 0.54 

7.98 

IS 

Acidophil 

22.6 

58.9 

34-8 

36.8 ± 0.52 

7.78 

21 

Basophil 

4-5 

27.4 

xo.o 

10.9 ± 0.2$ 

3-71 

34 


Relation to Body Weight: The body weight given in the autopsy 
records is, as a rule, only a rough estimate, so that a careful study of 
the relation of body weight to the percentage of the relative number 
of the different cells in the anterior lobe of the hypophysis cannot be 
made; but it seemed worth while to compare a number of rmusually 
heavy persons with those of more ordinary weight. Several of these 
over-weight cases had the general external features of so-called non- 
neoplastic postadolescent hypopituitarism, although the hypophysis 
was apparently normal in every respect. The results are found in 
Table II. The fourteen individuals over 200 lbs. in weight had on 
an average 3.5 per cent more chromophobes and 4.6 per cent 
less acidophils than the eighty-six individuals under 200 lbs. in 
weight. The statistical significance of these differences is doubtful 
because the ratio of the differences to the probable error of the dif- 
ference (see last column of Table II) in neither case is 3 or more. It 
is probable, however, that there is a slightly lower percentage of 
acidophils in extra heavy people. 

Relation to Stature: It has been well established that there is a 
positive correlation between the weight of the entire hypophysis 
and body length, Rasmussen.^^ This has been found to be due to a 
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larger anterior lobe in taller individuals.^ Since apparently it is the 
acidophils that are associated with growth, it is worth while to see 
if there is any correlation between the relative number of the dif- 
ferent types of cells and height. In the cases here involved the 
length of the body is recorded to within a half centimeter. Table ITT 
shows that there is essentially no difference in the percentages be- 

Table II 


Mean Percentage of the Different Types of Cells in the Anterior Lobe of the 
Hypophysis in 14 Cases 200 to 330 lbs. in Body Weight Compared unth 
S6 Cases Under 200 lbs. in Body Weight 


Cell types 

200-330 lbs. 

(14 c.ises) 

Under 200 lbs. 
(86 cases) 

Difference 

P.E. of Dili. 

Difference 


Chromophobe 

SS-2 ± 1-47 

51.7 ±0.56 

+ 3-5 

I-S 7 

— 

2.2 

Acidophil 

32.9 ± 1.50 

37-5 ± o.ss 

- 4.6 

1.60 

2.9 

Basophil 

11.9 ±. 0.63 

10.7 ±0.27 

+ 1.2 

0.69 

1-7 


tween persons above average height and those below. This is also 
borne out by the low and statistically insignificant coefficients of 
correlation (r) listed in the middle column of Table V. 

Relation to Age: Because of the fact tliat the anterior lobe de- 
creases noticeably in size after 50 years of age,® the thirty-one cases 
over 50 years old were compared with the sixty-nine cases under that 

Table HI 

Mean Percentage of the Different Types of Cells in the Anterior Lobe of the 
Hypophysis in 52 Cases Above Average Stature Compared with 47 Cases 
Below Average Stature. Mean Stature = 172.3 cm. 


Cell types 

Above average 
(52 cases) 

Below average 
(47 cases) 

Difference 

Chromophobe 

52.6 rb 0.77 

51.6 dr. 0.75 

+ I.O 

Acidophil 

36.5 ±0.76 

37-5 ± 0.72 

— I.O 

Basophil 

10.8 ± 0.34 

10.9 rfc: 0.37 

“ O.I 


age. The differences between the average percentages and a test 
of the significance of the differences are recorded in Table IV. The 
prevalent idea that the basophils increase with age in adults is not 
supported. 

If the basophilic cells which invade the posterior lobe were in- 
cluded, there would undoubtedly be a noticeable increase, because 
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those cells are largely, if not entirely, responsible for the gradual in- 
crease in the total volume of pars intermedia with age, Rasmussen.^® 
While there are those (especially Kasche and Dayton who re- 
gard the basophihc cells in the pars ndrvosa as having originated 
from the anterior lobe or differentiated into anterior lobe cells, there 
is considerable evidence that they arise from the posterior wall of 
Rathke’s pouch and hence should be considered as part of pars in- 


Table IV 

Mean Percentage of the Different Types of Cells in the Anterior Lohe of the 
Hypophysis and Age 


Cell types 


18-S0 yr. 

(69 cases) 

Difference 

P. E. of Diff. 

Difference 


Chromophobe 

54-8 db o.pr 

SI.I ± 0.56 

+ 3-7 

1.07 

3 -S 

Acidophil 

34.2 ±0.86 

38.1 ±0.63 

-3.9 

1.07 

3-6 

Basophil 

ii.o ± 0.43 

10.8 rh 0.31 

+ 0.2 

O.S 3 

0.4 


termedia, Guizzetti,^^ Lewis and Lee.^® On the assumption that they 
belong to pars intermedia, cells posterior to the cleft, or residual 
lumen, have not been included in this enumeration. 

In the case of the percentage of chromophobes, however, there 
is a distinct increase in the older group and a corresponding de- 
crease in the percentage of acidophils, amoimting to nearly 4 per 
cent. The ratios of these differences to the probable error of the dif- 
ference (see last column of Table IV) are 3.5 and 3.6, indicating that 


Table V 

Coefficient of Correlation (r) between Percentage of Cells aiid Stature and Age 


Cell types 

Stature 

Age 

Chromophobe 

+ 0.152 ± 0.066 
— 0.168 ± 0.065 
+ 0.035 ± 0.067 

+ 0.199 ± 0.065 

— 0.221 db 0.055 

— 0.022 dz 0.065 

Acidophil 

Basoohil 




the change with age is fairly certain. This is supported also by the 
coefficient of correlation (r) hsted in the last column of Table V. 
A decrease in acidophils in advancing years is the least questionable 
because the ratio of the probable error to the coefficient of corre- 
lation is at least 4. 
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Summary 

1. The necessity of a more accurate estimation of the relative 
number of the different types of cells in the anterior lobe of the 
human hypophysis is evident from the great divergence of opinion 
that exists among even recent writers in regard to what should be 
considered normal proportions and from the greater attention being 
paid to the pathology of this organ. 

2. The results of making a differential count of the chromo- 
phobes, acidophils and basophils in 100 selected and supposedly nor- 
mal male adult h3^ophyses from cases of sudden accidental death, 
in which the tissue in general was fixed within twelve hours after 
death, are presented. 

3. The data are based on a differential count of from 10,000 to 
30,000 cells from 100 to 350 microscopic fields taken systematically 
from three different regions of a complete series of horizontal sec- 
tions from each hypophysis. 

4. The chromophobes represent on an average 52 per cent of the 
total cells. They vary from 34 per cent to 66 per cent. The coeffi- 
cient of variation is 15. 

5. The acidophils average 37 per cent, varying from 23 per cent 
to 59 per cent, the coefficient of variation being 21. 

6. The basophils strictly within the anterior lobe are the least 
munerous and the most variable. The average is ii per cent, but 
they range from less than 5 per cent to more than 27 per cent. The 
coefficient of variation is 34. 

7. Fourteen cases with a body weight 200 lbs. to 330 lbs. aver- 
aged 3.5 per cent more chromophobes and 4.6 per cent less acidophils 
when compared with eighty-six cases imder 200 lbs. in weight. 
Statistically this difference is not enough to be taken seriously, al- 
though the decrease in acidophils is probably real. 

8. There is no correlation of importance between body length and 
percentage of any particular type of cell. 

9. Individuals over 50 years of age average nearly 4 per cent more 
chromophobes and correspondingly less acidophils. 

10. There is no correlation between age and basophils in the 
anterior lobe of the hypophysis. 

Note: Just as this paper went to press, there appeared a report by J. L. Mc- 
Cartney (Dementia precox as an endocrinopathy with clinical and autopsy 
reports. Endocrinology, 1929, xiii, 73) which seems to be one of the first at- 
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tempts to determine the percentage of the different cells in the anterior lobe of 
the hypophysis upon a large scale. In 158 male cases of dementia precox he 
found an average of 40 per cent neutrophils, 43 per cent eosinophils and 17 
per cent basophils. In 241 males with other forms of psychosis the percentages 
are: 20 per cent neutropWls, 52 per cent eosinophils, 28 per cent basophils. In 
24 dementia precox females the percentages are: 27 per cent neutrophils, 52 
per cent eosinophils, 21 per cent basophils. In 64 females with other forms of 
psychosis, the corresponding figures are: 23 per cent neutrophils, 57 per cent 
eosinophils, 20 per cent basophils. While no information is given as to tech- 
nique or criteria used, the low neutrophil .count suggests a wide departure from 
the chromophobe count in normal cases or more likely a very restricted defini- 
tion of the neutrophilic group, such as to exclude those with little or no cyto- 
plasm. This shows the importance of some standard that will be generally 
acceptable. 
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A MALIGNANT MEDIASTINAL TERATOMA * 

William F. Jacobs, M.D. 

{From the Pathological Department of the University of Buffalo, Buffalo, N. Y.) 


History f 

The patient was a white male, 27 years of age, by occupation a 
locomotive fireman. Three months prior to his death he was en- 
gaged in firing a locomotive on a run, when he slipped on the floor 
of the cab, falling against the fire box with his left shoulder. He con- 
tinued his work to the end of the day. Within twenty-four hours he 
was seen by a physician who found no external signs of injury, but 
advised him to rest for a few days and then, if able, to resume work. 
After he returned to work he began to complain of a continuous 
pain in his left shoulder and chest, with some difficulty in breathing. 
Then there followed a period of about eight weeks during which 
there were no observations and at the end of which, because of in- 
creasing disability, he was admitted to the hospital. In the previous 
history it is stated that the patient had lobar pnuemonia nine years 
ago. The only important findings on physical examination were 
signs suggestive of infiltration in the upper lobe of the left lung. 

Shortly after admission to the hospital signs of meningeal irrita- 
tion developed, with cervical rigidity and a positive Kernig’s sign. 
A tap of the spinal fluid showed it to be clear, not under pressure; 
on examination increased globulin was found and a cell count of 30 
cells; on standing a definite web formed. A tentative diagnosis of 
pulmonary tuberculosis with complicating tuberculous meningitis 
was made at this time. 

The patient died under S3miptoms of rapidly increasing dyspnoea 
and cyanosis some fourteen weeks after the date of the alleged acci- 
dent, and three weeks after he entered the hospital. The tempera- 
ture during his stay in the hospital ranged from 100° to 101° F. The 
postmortem examination was made within three hours after death. 

* Reported in abstract at the meeting of the American Association of Pathologists 
and Bacteriologists, Rochester, N. Y., 1927. 

Received for publication February 18, 1929. 

t I am indebted to Dr. James Carr, Buffalo, N. Y., for the clinical data. 
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Necropsy 

The body is warm, rigor mortis absent. Nutrition poor; length, 
169 cm.; estimated weight, 59 Kg. Pulmonary arthropathy, absent. 

On removal of the sternal breast plate a large tumor mass is found 
presenting in the median line above the heart, extending up on the 
great vessels to the suprasternal notch. It is adherent to the right 
lung and the pericardium and measures 14 cm. in the vertical dia- 
meter, 8 cm. laterally, and 9 cm. anteroposteriorly. On palpation it 
conveys a sense of fluctuation. On section it is found to be a thick- 
walled cyst, measuring 2 by 3 mm. at the lower and 3 cm. at the 
upper pole, with a nodifle presenting on the inner surface above, from 
which delicate hairs seem to be growing. The cavity is filled with 
sebaceous material, mixed with hair. 

On further dissection the trnnor is seen to embrace the superior 
vena cava and to be compressing it; the intima of that vessel while 
smooth, exhibits slight nodular biflgings. The course of the aorta, 
however, is not compromised, and the trachea and bronchi show no 
compression although they are in relation with the tiunor anteriorly. 
The upper and lower tracheobronchial and paratracheal lymph 
nodes are all merged into the tumor mass, being variously enlarged, 
averaging i to 2 cm. in diameter and showing on section a diffuse 
scirrhous tissue. The dissection of the cervical region reveals a large 
node 2.5 cm. by 2 cm. at the lower pole of the left thyroid lobe and 
a somewhat smaller one at the upper pole, the larger showing several 
drcumscribed grayish nodules, the other suggesting caseation. 

The entire right Ixmg is adherent. Both lungs crepitate well 
throughout and on section a considerable quantity of thin blood- 
stained froth exudes from the cut surface. 

In the heart there are no remarkable changes excepting a slight 
hypertrophy of the right ventricle. 

On removal of the calvarimn the veins and sinuses appear en- 
gorged; the cerebrospinal fluid is slightly increased, the convolutions 
flattened to a moderate degree, the meninges over the base and tips 
of the temporal lobes, and in the extensions into the Sylvian fissure 
are thickened and opaque, with numerous fine nodules not unlike 
tubercles in appearance. The ependymal lining of the ventricles is 
smooth, the choroid plexus, pituitary and pineal bodies are not re- 
markable. The accessory sinuses and both middle ears are free from 
changes. 
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The abdominal organs are aU normal in size, appearance, position, 
and in their relations to each other, excepting a considerable hy- 
peremia which is general in its distribution. 

The kidneys, adrenals, urinary bladder, prostate, seminal vesicles, 
and testes show nothing remarkable. 

Microscopic Examination 

AU the lymph nodes examined exhibit an adenocarcinomatous in- 
vasion, completely replacing the lymphadenoid tissue. The ceUs of 
the tumor show considerable variability in arrangement, though a 
tendency to alveolar formation is constant. In shape they are flat- 
tened or polyhedral, and there are numerous mitotic figures. This 
form of tumor is also foimd in the thyroid. Sections from parts of 
the lungs which grossly appeared free from tumor show metastases 
in the form of peribronchial and perivascular infiltration and filling 
of lymphatic vessels with tumor ceUs. In one section of the lung the 
tumor was found to have invaded the waU of a pulmonary vein, 
with tumor ceUs mixed with the red corpuscles inside the lumen of 
the vessel. Infiltration of tumor ceUs arranged in irregular strands 
and groups in dose relation to the vessels, with some few coUections 
of smaU roimd ceUs, can also be seen in the meninges. 

The various sections from the main tumor mass show complex 
pictures including islands of weU formed hyaUne cartilage, strands 
of striated musde, smooth musde fibers, dense hyalinized connec- 
tive tissue, with cystic spaces lined with endothelium, an island of 
nerve fibers, an epidermis-like structure in cyst formation, and an 
area containing hair follicles and islands of sudoriferous glands, aU 
quite mature and readily identified; also numerous larger irregular 
cystic cavities lined with dliated epithelium and large areas of ne- 
crosis containing calcimn deposits; finally structures resembling 
osteoid tissue. 


Discussion 

The tumor presented in the foregoing may be described as a partly 
solid and partly cystic tumor of the mediastinum composed of repre- 
sentatives from all three layers of the blastoderm in mature form, 
therefore a mediastinal teratoma. A malignant transformation took 
place within this tumor in the form of an adenocarcinoma. There 
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was direct extension of the growth into the lungs and metastasis into 
the cervical lymph nodes, thyroid and meninges. 

As to the literature on the subject of mediastinal tumor there are 
several good reviews, so that only a brief resume touching the prin- 
cipal points of interest wiU be given here. The first case was pub- 
lished by Gordon ^ in 1823. The tumor was situated in the anterior 
mediastinum well up under the sternoclavicular junction. It was 
cystic and contained the usual sebaceous material with hair; also 
seven teeth and some bone. In the succeeding years, a considerable 
number of isolated cases were reported and toward the end of the 
century these were followed by a notable series of papers which, be- 
sides adding to the number, included comprehensive reviews. Among 
these are the papers of: Hoffman’ fiSpd) covering twelve cases; 
Pflanz ® (1896) including twenty-four cases; Christian ^ (1902), forty 
cases; Dangschat “ (1903), forty-four cases; Hertzler® (1916), 
seventy-two cases; Kleinschmidt ^ (1920), seventy-two cases; Lam- 
bert and Knox® (1920), seventy-nine cases; Terplan® (1922), sixty- 
eight cases. A search of the literature since 1920 yields twelve more 
cases. These added to those included in the above-mentioned re- 
views, make with Gordon’s first case, in a period approximating 100 
years, about a hundred cases. However, comparatively few of these 
exhibited a malignant phase. Lambert and Knox estimated ii per 
cent of malignancy in seventy-nine cases. The tumors are generally 
found to be cystic with a distinct solid portion, but occasionally are 
entirely solid. The mahgnant feature has been found associated with 
true teratomas both cystic and solid. 

As regards the age incidence, these tumors have been found in both 
extremes of life, some in individuals as young as 2, 4 and 6 years, and 
some in individuals 50 to 70 years of age. The vast majority, how- 
ever, are confined to early adult life (20 to 30 years). Pflanz re- 
garded the puberty period as particularly stirring the latency of these 
tumors into activity, likening it to the awakening of sex character- 
istics, especially hair distribution and beard growths. In sex inci- 
dence these tumors would appear to be equally divided. Trauma has 
frequently called attention to their presence. 

The signs and symptoms of this type of tumor in the mediastinum 
have been confused with those of tuberculosis since earliest times 
and a number of cases have been reported where pulmonary tuber- 
culosis coexisted. Thoracic aortic aneurism and ecchinococcus cyst 
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have also been mistaken for these tumors. The diagnosis has been 
at times made by operative procedure such as a trocar puncture, 
with the typical yield of sebaceous material, epithelial debris, choles- 
terin and hair. Erosion into a bronchus has been reported a num- 
ber of times with the raising of the diaracteristic cyst content in the 
sputiun. Pulmonary arthropathy has been reported in a number of 
cases. Roentgenologic examination in recent years has aided in 
making the diagnosis in several instances. However, in the majority 
of cases the tumor was discovered by postmortem examination. The 
duration of the symptoms has been found to range from six weeks 
to two and three years with the final issue always fatal. The more 
common locations are found to be in the anterior mediastinmn, 
usually to one or the other side of the median line, above the bron- 
chial tree, embracing more or less the great vessels, trachea and 
bronchi, in intimate relation with the base of the heart, pericardium 
and mediastinal pleura, compressing one or the other lung to a vary- 
ing degree. In size these tumors range from three to four centimeters 
in diameter all the way to the size of a child’s head. The average is 
about fifteen centimeters for vertical diameter and six to seven for 
lateral and anteroposterior diameter. Some few have been reported 
in the posterior mediastinum and some extending below the bron- 
chial tree, resting on the diaphragm. 

It is now generally accepted that the “anlage” for these tumors is 
in the cervical region during the early embryonic period along with 
the lungs, heart, and thymus, before the closure of the blastodermic 
folds and that they move into the thorax with these organs. This is 
suggested rather strikingly in a munber of cases, notably that of 
Collenburg^o whose case was found to have a band-like connection, 
that extended from the posterior part of a large tmnor about the 
size of a child’s head, in the right lower anterior mediastinum, up- 
ward to the lower edge of the right lobe of the thyroid. In this band 
of tissue he was able to demonstrate a branch of the inferior thyroid 
artery, also two veins that he could trace into the inferior thyroid 
vein, with muscle fibers from the right sternothyroid muscle. Col- 
lenburg was thus the first to suggest the cervical anlage of the me- 
diastinal dermoid, he also assumed that it was the thymus that gave 
nse to it. Finder’s case also showed a band of connective tissue 
that extended from the posterior part of this tumor up to the su- 
prasternal notch. From this connection and position Pinder as- 
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sumed that the tumor originated with the thymus. Marchand^^ 
also took the position that in time of origin these tumors must be 
classed with the early position and time origin of the thymus. This 
view was endorsed with more or less qualification by others who fol- 
lowed, notably, Christian, Dangschat, and Hertzler. 

While there appears to be agreement to a certain extent regarding 
the time origin and the evolution of position, the histogenesis is still 
subject to conflicting theories. The earliest theory was that these 
tumors were the result of the constriction of an invaginated portion 
of the ectoderm which became included on closure of the blasto- 
dermic folds. Attention was called to the fact that tumors having 
entodermic elements (Dangschat) could not thus be accounted for 
unless it was assumed that at the time a portion of the entoderm 
was included, and the theory failed entirely when considering the 
more complex types. The thymic origin was the next theory, in 
chronological order, advanced for these tumors, the proponents 
arguing that since the anlage for the thymus was in the third 
pharyngeal pouch, the thymus therefore was endowed with both 
meso- and entodermic properties, that it could therefore account 
for two blastodermic representatives. Virchow^® suggested that 
the thymus or branchial deft should be considered as potential 
sources of origin for mediastinal tumors of this type. Marchand, 
Finder, Collenburg, and Ritchie,” each accepted this theory in the 
order named. The thyroid, too, came under suspicion in the same 
way because of its origin in the fourth pharyngeal pouch, but both 
of these theories were found to be wanting when the nervous tissue 
elements and organ rudiments, as well as other mature tissue 
elements, were to be accounted for. Certainly their application 
would fit only a limited number of cases. 

The branchial cleft theory suffered in the same way, although sup- 
ported for a time by Virchow, Lindstedt,^® Pflanz, Marchand, and 
Christian. Lindstedt, who reported a case of mediastinal tumor 
that he characterized as an adenomyxochondrosarcocarcinoma, as- 
sumed that it was bronchogenic in origin, basing this assumption 
upon the arrangement of cartilage, smooth muscle, and ciliated 
epithelium that suggested the respiratory tract. He admitted, how- 
ever, the presence of connective tissue in all forms, adipose tissue, 
islands of well formed cartilage, numerous cavernous blood spaces, 
and epithehal elements in glandular, alveolar and cystic arrange- 
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merit. It seems therefore that his case surely should be classed with 
the more definite teratoid tumors. 

“Inclusio foetus in foetu” as a theory was introduced early as 
more nearly accounting for the vast majority of these mediastinal 
tumors. Ekehom^® was the first to take this advanced position, 
basing it on the case that he reported in which he found in addition 
to cartilage and bone a portion of bone in which he saw resemblance 
to a superior maxiUa with a number of teeth in it, definite incisors 
being recognized. In addition he foxmd nerve fibers, ganglion cells 
and numerous canals that in their arrangement suggested respira- 
tory tract, and portions in which he saw a resemblance to intestine. 
Dangschat also held that this theory more clearly met the require- 
ments of this anomaly. Askanazy saw in it an analogy to partial 
fruition of a second pregnancy. This bigerminal theory still persists 
in the minds of many of the later observers. Finally the isolation of 
a blastomere, the delayed division of such blastomere, and the pos- 
sible fertilization of a polar body, were advanced toward solving this 
question. 

The publication of Budde presents a good review of these later 
theories. He concluded that all tumors that do not exhibit elements 
traceable to each of the three layers of the blastoderm, are in the 
nature of definite “local defects.” They are tumors that have their 
origin at a later period of the embryo, at a time when organs and 
organ systems are in their early stages of budding, suggesting that 
at this time invaginations and foldings might well isolate a cell com- 
plex from which such tumors could arise. He classifies them as 
“hamartomes,” among which he includes the true dermoids, bran- 
chial cleft tmnors and those arising from thyroglossal duct remnant. 
The finding of nervous tissue elements he regards as definite criteria 
for differentiating hamartoma from teratoma. He further asserts 
that the imdoubted bigerminal twin parasite should always be found 
free and never enclosed within the body cavity, and further, that it 
should always exhibit traces of vertebral segment to prove its meta- 
mere structure. 

The following is a hst of all the types of malignancy that have oc- 
curred in this group of tumors. 

I. Virchow’s case showed both carcinomatous and sarcomatous 
nodules, that had metastasized in the liver. 
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2. Ceelen’s case showed irregular adenocarcinoma with many 
mitotic figures in a cystic mediastinal dermoid with invasion of the 
lung, and lymph node metastasis. 

3. JoreSj^o described his case as a cystosarcoma with pulmonary 
metastasis. 

4. Pinder, Ijrmphosarcoma in part spindle-celled. 

5. Ritchie, embryoma in mediastinum. 

6. Lindstedt, adenomyxochondrosarcocarcinoma. 

7. Lambert and Rnox, chorionepithelioma. 

8. Warthin (cited by Lambert and Knox), chorionepithelioma. 

9. Pohl,^^ a child three years of age that showed a mediastinal 
tumor with sarcomatous transformation. 

10. Schutt (cited by Lambert and Knox), an alveolar sarcoma 
and adenocarcinoma both of which were found to have invaded 
blood vessels. 

11. Black (cited by Lambert and Knox), some few carcinomatous 
areas. 

12. The case reported above, adenocarcinoma. 

SUMMABV 

1. A case of malignant teratoma is reported. 

2. A resum6 of the literature indicates that these tumors should 
be classed as teratomas rather than as dermoids. 

3. About 10 per cent of these tumors undergo sarcomatous or 
carcinomatous transformation. 

REFERENCES 

1. Gordon, J. A. Case of tumor in the anterior mediastinum containing bone 

and teeth. Med. Chir. Tr., 1825, xiii, 12. 

2. Hoffman, J. Special Path. u. Therapie. Vol. on Teratoma, Wien, 1896. 

3. Pflanz, E. Ueber Dermoidencysten des Mediastinum anticum. Ztschr. f. 

Heilk., 1896, xvii, 473. 

4. Christian, H. A. Dermoid cysts and teratoma of the anterior mediastinum. 

J. Med. Res., 1902, vii, 54. 

5. Dangschat, B. Beitrage zur Genese, Pathologie imd Diagnose der Der- 

moidcysien und Teratome im Mediastinum anticum. Beiir. s. klin. Chir., 

1903, xxxviii, 692. 

6. Hertzler, A. E. Dermoids of the mediastinum. Am. J. M. Sc., 1916, clii, 

165. 



MALIGNANT MEDIASTINAL TERATOMA 


283 


7. Kleinschmidt, 0 . Bericht iiber zwei mit Erfolg radical operierte kom- 

plizierte Dermoide des Mediastinum anticum. Miinchen med. Wchnschr., 
1920, Ixvii, 862. 

8. Lambert, S. W., and Elnox, Leila C. Intrathoracic teratomata. Tr.A.Ain. 

Pliys., 1920, XXXV, 17. 

9. Terplan, K. Ein Beitrag zu den Teratomen der Brusthole. Virchows Arch. 

f. path. Anal., 1922, ccxl, 166. 

10. Collenburg, T. Zuf Entwickelung der Dermoid Kystome. Innaug. Diss. 

Breslau, 1869, 1-29. 

11. Binder, Wilhelm. Ueber Dermoid Cysten des Vorderen Mediastinum. 

Innaug. Diss. Bonn, 1887, 1-33. 

12. Marchand, F. Real Encyclopedia Eulenberg. 1897, xv, 58-110 and 432- 

596- 

13. Virchow, R. Teratoma myomatodes mediastini. Virchows Arch. f. path. 

Altai., 1871, liii, 444. 

14. Ritchie, J. A case of embryoma occuring in the mediastinum. J. Obst. 

Gynec., Brit. Einp., 1903, iv, 65. 

15. Lindstedt, F. Beitrag zur Kenntnis der mediastinalen Mischgeschwiilste. 

Virchows Arch. f. patlC. Anal., 1915, ccxix, 299. 

16. Ekehorn, C. Die Dermoidcysten des Mediastinum anticum. Arch.f.klin. 

Chir., 1897, Ivi, 107. 

17. Askanazy, M. Die Teratome nach ihrem Bau ihrem Verlauf, ihrer Genese 

und im Vergleich zum experimentellen Teratoid. Verhandl. d. deutsch. 
path. Gesellsch., 1908, xi, 39. 

18. Budde, Max. Beitrag zum Teratomproblem. Beitr. z. path. Anal. u.z. allg. 

Pathol., 1921, Ixviii, 512. 

19. Ceelen, W. Ueber carzinomatose Entartung eines zystichen Mediastinal 

tumors. Virchows Archf. path. Anal., 1912, ccvii, 178. 

20. Jores, L. Ueber die Verbindung einer Dermoidcyste mit malignem Cysto- 

sarcom der linken Lunge. Virchows Arch.J. path. Anat., 1893, cxxxiii, 66. 

21. Boh 1 , W. Ueber Mediastinal-Dermoide. Deutsche Ztschr. f. Chir., 1914, 

exxx, 481. 



DESCRIPTION OF PLATES 


Plate 55. 

Fig. I. A section from the main tumor showing the adenomatous character. 
Fig. 2. Invasion of thyroid. 
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Plate 56. 

Fig. 3. A posterior view of tumor showing its relation to trachea and bronchial 
tree. 

Fig. 4. Tumor proliferation in the meninges. 














TWO OF THE RARER CONGENITAL ANOMALIES OF 
THE HEART * 

IswAn Caspar, M.D. 

{From the Laboratory of the Rochester General Hospital, Rochester, New York) 

I. Absence or one Portion of the Aortic Arch with 
Stenosis of the Aorta and with Defect in 
THE Inter\^ntricular Septum 

Stenosis of the isthmic part of the aorta is quite common but be- 
sides this developmental failure other anomalies may occur in this 
region. Such developmental anomalies are: (i) destruction of the 
isthmus in which there is a thicker or thinner connective tissue 
bundle present between the arch and descending portion of the 
aorta; and, very rarely, ( 2 ) an entire absence of this portion. The 
absence of this isthmus is the most extreme grade of malformation 
occurring here. It is characterized by the finding that the aortic 
arch and descending aorta end blindly and that there is absolutely 
no connection between them. About eight such cases are described 
in the literature. The blood of the right ventricle empties into the 
thoracic part of the descending aorta, but there are usually other 
anomalies present which cause the venous blood to be mixed in the 
heart, and in such cases life is prolonged. 

Not only the isthmus of the aorta but a larger portion of the 
aortic arch may be absent. This condition occurred in the following 
case and was associated with other cardiac anomalies. 

Case I 

Clinical History: A small undernourished, white, female infant 
of 6 months draining profusely from both ears. She has vomited 
continually since .birth. The heart is enlarged and there is a loud, 
blowing murmur heard over entire precordium. No thrills are felt. 
The child becomes very cyanotic during crying- spells. It was ad- 
oiitted with a diagnosis of bilateral otitis media and congenital 
heart disease. 

Received for publication February 21, 1929. 
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Necropsy Report: (No. A. 28-80). The postmortem examination 
reveals a bilateral paravertebral type of bronchopneumonia as the 
cause of death. A chronic catarrhal colitis was also found involving 
the transverse and descending colon and the sigmoid. 

The position of the enlarged heart is normal. Its measurements 
are: length 60 mm., transverse diameter 62 mm., sagittal diameter 
37 mm. The left ventricle forms the apex but the right ventricle is 
much larger than the left. The pericardium and endocardium are 
smooth. The auricles are normal in size and position, and the venae 
cavae and pulmonary veins empty in the proper auricles. The fora- 
men ovale is patent, and is 2 by 4 mm. in size. Both ventricles are 
dilated, and their muscular walls are hypertrophied. The wall of 
the right ventricle is i cm. and the wall of the left ventricle is 7 mm. 
in thickness. The mitral and tricuspid valves are in their normal 
anatomical position and are smooth and thin without evidence of 
inflammation. The pulmonary artery is wide, 15 mm. in diameter, 
and its semilunar valves are large but thin. The wide opened ductus 
arteriosus empties into the descending thoracic aorta at which 
junction the left subclavian artery is given off. The aortic opening 
is diminished in size so that its diameter is only 5 mm. The three 
aortic valves are small, corresponding with the narrowed lumen, 
but they are normal. Right and left coronary arteries originate from 
the corresponding valvular sac. The much narrowed aorta branches 
into the innominate and left common carotid arteries but a portion 
of the arch between this and the left subclavian artery is entirely 
missing. Even a single, string-like connective tissue strand is absent 
(Fig. i). There is a round defect, 8 mm. in diameter, in the inter- 
ventricular septum under the orifice of the large arteries. Both 
ventricles are connected through this defect. It is lodged in the pos- 
terior half of the interventricular septum (Fig. 2). 

Summarizing the pathological changes of the heart, we find: (1) 
an entire absence of one part of the aortic arch; (2) a patent ductus 
arteriosus; (3) a patent foramen ovale; (4) a very much narrowed 
aorta; and (5) subaortal defect in the interventricular septum. 
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Discussion 

The most interesting and important anomaly in this case is the 
missing portion of the aortic arch. To xmderstand better the exis- 
tence of such a possibility, we must recall the developmental proce- 
dure of the vessels. At about the third week of embryonic life, six 
lateral branchial vessels arise from the divided truncus arteriosus 
(Fig. 3a). In the course of development modifications occur which 
consist in the disappearance of several arches. In this way the first, 
second and fifth pairs of arches and the right sixth arch disappear. 
From the other arches the permanent arteries are formed. The third 
pair becomes the external carotid arteries. The right fourth arch 
forms the proximal portion of the right subclavian artery. The left 
fourth branchial vessel together with the left dorsal longitudinal 
stem become the arch of the aorta. The sixth branchial vessels be- 
come the pulmonary arteries, the persisting connection of the left 
one being the ductus arteriosus (Fig. 3&). In our case, this normal 
development did not occur. The portion of the aortic arch l5dng 
between the left common carotid artery and ductus arteriosus is 
missing because the left fourth branchial arch was not laid down in 
embryonic life. If the fourth branchial arch had been present in 
early life, we would find a very thin, fibrous bundle connecting the 
ascending and descending aorta. Only the pulmonary artery is con- 
nected with the descending thoracic aorta by the dilated ductus 
arteriosus (Fig. 3c). Accordingly, the descending aorta arises from 
the pulmonary artery. 

Another developmental anomaly of the heart was the stenosis of 
the aorta. Aortic stenosis is rarer than stenosis of the pulmonary 
artery. In this case the position of the aorta and pulmonary artery 
was normal, the aorta arising from the left ventricle posteriorly on 
the left and the pulmonary artery anteriorly on the right. The 
truncus septum divided the truncus arteriosus into two unequal 
parts, but it was rotated 225 degrees as it is usually, and its plane 
corresponded with the interventricular septum. The interventricu- 
lar subaortic septum defects are usually due to the imperfect rota- 
tion of the septum trunci. The membranous septum is finally closed 
by the septum trunci if its plane is the same as that of the interven- 
tricular septum. Otherwise the fusion fails and various-sized de- 
fects occur. In spite of this fact there is an interventricular septum 
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defect present, the cause of which is probably due to the fact that the 
very narrow truncus septum was not large enough to close the large 
interventricular opening. According to Monckeberg,* the develop- 
mental anomaly of the truncus septum, causing aortic stenosis, is 
accompanied at the same time by defects of the interauricular and 
interventricular septa. 

The ductus arteriosus remained wide open. In this case the high 
blood pressure, existing in the pulmonary artery, might have some 
relation to it. But the fact that a high blood pressure itself would 
not be sufficient to cause a patent ductus arteriosus will be demon- 
strated by the second case. We must agree wth hldnckeberg that, 
in this and similar cases including istlimic stenosis, both anomalies 
occur independently but in coordination one with the other. 

The blood circulated in the following way; From the large veins 
the venous blood emptied into the right auricle and from there into 
the right ventricle. Through the patent foramen ovale and inter- 
ventricular defect a part of this venous blood passed into the left 
auricle and also into the left ventricle. From the pulmonary artery 
a portion of the venous blood ran into the branches of this vessel; 
the other portion emptied through the ductus arteriosus into the 
descending aorta. The oxygenized blood, coming from the pul- 
monary veins, filled the left auricle and afterwards the left ventricle 
but it was mixed with venous blood through the defects. This mixed 
blood supplied the aorta, innominate and carotid arteries. There- 
fore, the head and right arm received a mixed blood, the other or- 
gans a venous blood supply. 

In spite of the fact that the blood supply was very poor it did not 
cause serious trouble and the life of the child was somewhat pro- 
longed. 

Summary 

A rare anomaly of the heart is described — the entire absence of 
the aortic arch, which occurred because, in embryonic life, the fourth 
left branchial artery was not laid down. The rarer type of aortic 
stenosis was also found with an interventricular septum defect. The 
congenital heart anomaly had no relation to death, the cause of 
which was a general malnutrition and bronchopneumonia. 
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II. Isolated Transposition of Ventricles, Accompanied by 

THE Origin of both Aorta and Pulmonary Artery from 
THE Left Ventricle, and by Stenosis of the Aorta 

There are but a few cases in the literature reporting both the 
aorta and the pulmonary artery arising from the right ventricle. 
The development of this anomaly may be sufficiently explained by 
the incomplete developmental course, namely the defective twisting 
of the septum trunci. 

Still rarer are the cases in which the large arteries originate to- 
gether from the left ventricle. We thought it therefore worth while 
to describe the following case, as we could not find a similar one in 
the available literature. The other associated anomalies also added 
an interesting feature to this case. 

Case H 

Clinical History: Newborn, white, male infant. In the first forty- 
eight hours of extrauterine life no abnormalities were found. On the 
third day the heart-beats and breathing became rapid. The same 
night the baby became cyanotic and was breathing very rapidly. 

On the fourth day X-ray examination showed enlargement of the 
heart and a possible enlargement of the thymus gland. Otherwise 
the heart-beats were not so frequent as normal, but a faint murmur 
was heard. The respirations were very rapid and shallow on the 
afternoon of the fourth day, 60 to 80 per minute, and the cyanosis 
was marked. This condition was soon followed by death. 

N ecropsy Report: (No. A. 27-34.) The body of a web. developed, 
newborn, white, male infant. The skin, especially that of the face 
and neck, is congested. Lungs, liver, spleen and kidneys are con- 
gested. The heart is enlarged, due to the left ventricle which forms 
the wide and round apex, while the right ventricle seems to be very 
small. Externally it is noticed that the pulmonary artery is wide 
and that it is connected with the descending thoracic aorta by the 
thick ductus arteriosus. The ascending aorta is narrow and increases 
at the arch up to the point where the ductus arteriosus joins causing 
a conical isthmic stenosis. The right coronary artery appears very 
wide (Fig. 5). The measurements of the heart are as follows: 
length 6 cm., width 4.5 cm., sagittal diameter 3 cm. The left ven- 
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tricle is dilated and the trabeculae are flattened, the wall is 5 mm. 
in thickness, but at the apex only 3 mm. The right ventricle seems 
to be contracted to the limit, the wall being 6 to 7 mm. thick but the 
lumen only a crevice-like space. The heart muscle is grayish yellow, 
especially subendocardially in both ventricles. Both auricles are 
dilated and connected by the 7 by 5 mm. vdde-open foramen ovale. 
The venae cavae superior and inferior empty into the right, and the 
pulmonary veins into the left auricle. The right venous orifice is 
narrow, 4 mm. in diameter and has two very small cusps, 2 by 2 mm. 
broad, one anterior and one posterior. No artery originates from this 
ventricle. The left venous orifice is wide, 18 mm. in diameter, and 
its valve has three cusps, one posterior, one medial and one anterior, 
which are in accordance with the size of the orifice. Both pulmonary 
artery and aorta arise from this ventricle, the pulmonary artery 
being situated at the left in front, the aorta somewhat to the right 
and posterior to it. The opening of the pulmonary artery is wide, 
13 mm. in diameter, while that of the aorta is narrow, being only 4 
mm. (Fig. 4). The truncus septum ends free in the left ventricle 
with a downward concave edge, and it is adlierent to the medial 
valve. At the right end of the septmn trunci there is a black pepper- 
sized membranous mass with a pinpoint-sized opening. Through 
this opening, one can pass a probe into the right ventricle. The 
dilated trunk of the pulmonary artery gives its main branches to 
both lungs but the ductus arteriosus, which has a lirnien 2.3 mm. in 
diameter, is entirely obstructed by a thrombus slightly adherent 
to the wall. 

There are right, left and anterior semilunar pulmonary valves, 
and right, left and posterior aortic valves. The former are large, 
the latter small. Both coronary arteries arise from their usual posi- 
tion. The left one is very thin and small. The right one has a large 
opening above the right semilunar valve and at first turns to the 
right, running for a while in the auriculoventricular groove. Arriv- 
ing at the posterior interventricular groove it bends toward the 
apex but does not reach it. It appears very large externally and 
shows an aneurysm-like dilatation. Several cross-sections were 
made through the right ventricle, and it was found that the wall of 
the right coronary artery was very thick. Its lowest part, which 
shows the aneurysm-like dilatation, is directly connected by a wide 
passage with the small, crevice-like cavity of the right ventricle. 
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Histological examination shows that the right coronary artery 
has a thickened wall with a thickened intima. At the point where 
this artery is connected with the right ventricle its wall gradually 
diminishes and disappears. In the ductus arteriosus there is an 
organizing thrombus occluding about half of the lumen. On top of 
this there is a recent thrombus which is obstructing the entire lumen 
of the ductus. In the lungs there is a hyperemia and the capillaries 
are very much dilated and filled with red corpuscles. 

Summarizing the anatomical situation in the heart, we find: (i) 
both pulmonary artery and aorta arising from left ventricle; (2) 
aortic stenosis; (3) isthmic stenosis of aorta; (4) thrombosis of the 
previously dilated ductus arteriosus; (5) tricuspid valve on the left, 
bicuspid on the right of the interventricular orifice; (6) an unusual 
course of the large right coronary artery; and (7) an open foramen 
ovale. 


Discussion 

In the early stage of embryonic development the truncus arte- 
riosus is situated on the right side of the curved heart tube. There- 
fore, the origin of the pulmonary artery from the right ventricle is 
already given at that time. The origin of the aorta from the left 
ventricle is due to the rotation of the septmn trunci, but the entire 
separation occurs only with the development of the membranous 
part of the interventricular septum. In the present case there is a 
tricuspid valve present in the left ventricle, and a mitral valve in 
the right, while the auricles have a normal position. The position of 
the tnmcus arteriosus was therefore on the left side in embryonic 
life. This was due to the fact that the portion of the heart tube from 
which the ventricles are formed twisted in just the reverse way to 
the normal procedure, but the auricles kept their usual arrangement. 
This is an isolated transposition of the ventricles with a tricuspid 
valve in the left and with a mitral valve in the right venous orifice. 
Accordingly, the origin of the truncus arteriosus from the left ven- 
tricle took place in embryonic life. The fact that both large arteries 
originate from the left ventricle is the result of a developmental 
anomaly of the septum trunci. Therefore we found the more fre- 
quently occurring t3q)e of aortic stenosis. The septum trunci, which 
in stenosis divides unevenly the truncus arteriosus, may twist from 
left to right 225 degrees. This is the rarer form of aortic stenosis 
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(Fig. 6a). Under such circumstances each artery originates from a 
different ventricle. Such an anomaly was presented with the first 
case. The other type of aortic stenosis is formed by the rotation of 
the septum trund through only 135 degrees in the usual direction 
instead of 225, causing the pulmonary artery to remain left an- 
teriorly, the aorta right and posteriorly (Fig. 6 b). This latter 
anomaly occurred in the present case. The truncus septum is prac- 
tically in a perpendicular plane to the interventricular septum and 
the pulmonary artery runs almost parallel with the aorta. The 
twisting direction of septum trunci is normal and the pulmonary 
artery should originate from the right ventricle, but due to the un- 
satisfactory rotation it arises from the left ventricle together with 
the aorta. This unsatisfactory twisting is most commonly the cause 
of the wrong origin of the large arteries (Monckeberg) . 

The conical isthmic stenosis of the aorta is in close connection with 
the aortic stenosis. A lesser amount of blood was circulating in the 
stenosed aorta and this portion adapted itself to the smaller amount 
of blood. The descending thoracic aorta soon reaches its regular 
size. 

The pinpoint-sized defect in the ventricular septum membrana- 
ceum represents the typical subaortic defect and it is only very 
small. The pars muscularis of the anterior part of the interventri- 
cular septum is well formed. The defect is surrounded by a ring-like 
membrane, which is formed by the septum intermedium. Complete 
closing could not be performed, because this is done by the septum 
trunci, which must have the same plane as the interventricular 
septum. 

The wide and thick ductus arteriosus is obstructed by a thrombus. 
One part of the thrombus shows organization, but the other is very 
recent, occurring probably only in extrauterine life. 

In a case of isthmic stenosis of the aorta the ductus arteriosus is 
usually opened and wide. It is evident that the increased blood pres- 
sure has some relation to the widening and prolonged opening of this 
passage. But that it is in itself not sufficient to cause it we can 
demonstrate with this case. The blood pressure in the pulmonary 
artery was undoubtedly higher than normal because the whole 
amount of the blood of both auricles emptied in the left ventricle. 
From here a larger part of the blood passed in the pulmonary artery 
and, subsequently, in the ductus arteriosus increasing the pressure. 
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In spite of this the ductus is obliterated. We can explain this only 
by the fact that when in the development of the ductus there is no 
anomaly the obliteration by thrombosis will occur even against an 
increased pressure. 

The patent foramen ovale is in close relationship to the increased 
blood pressure existing in the right auricle, while in the left auricle 
the pressure is much less. 

The right coronary artery is markedly large, and its direct connec- 
tion with the right ventricle is hardly explainable. 

The blood supply of the body in this case was supplied always by 
means of a mixed blood, but it was fairly satisfactory. When the 
ductus arteriosus became absolutely obstructed (which was practi- 
cally the beginning of the dangerous symptoms) the large blood cir- 
culation received only a part of the necessary blood. This amount 
was not suflSicient to furnish enough oxygen, and cyanosis developed 
which was increased by the slow passing venous blood. The left 
ventricle was supplied with a very small coronary artery, degenera- 
tion developed, and with the dilatation of this ventricle death 
occurred. 


Summary 

A congenital heart anomaly is presented, in which an isolated 
transposition of ventricles occurred. Both large arteries, the aorta 
and the pulmonary artery, arise from the left ventricle. This is ex- 
plained by the imperfect rotation of the septum trunci, which di- 
vided the tnmcus arteriosus, causing an aortic stenosis. A very 
small subaortic defect was found. The independent behavior of the 
ductus arteriosus and its importance in relationship to the dangerous 
results of the case are also pointed out. 
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Plate 57. 

Fig. I. Absence of one portion of aortic arch, aortic stenosis, and descending 
thoracic aorta arising from pulmonary artery. 

Fig. 2. View of the wide pulmonary arter>', right ventricle and interventricular 
septum defect. 





Plate 58. 

Fig. 3. (0) Arrangement of the liranchial vessels in embryonic life. 

(b) Normal development of the persistent arteries. 

(c) Diagram of the developmental anomaly occurring in the first case. 

Fig. 4. Aorta and pulmonary artery arising from the left ventricle and stenosis 
of aorta. 

Fig. 5. The wide right coronary artery as seen from the diaphragmatic surface 
of the heart. 

Fig. 6. (a) Diagram showing rotation of septum trunci in the rarer form of 
aortic stenosis. 

(b) Rotation of septum trunci in the frequent form of aortic stenosis. 






STUDIES ON SEX. INTERSTITIAL CELLS IN GIGANTISM * 

Wir. G. Dows, Jr. 

{From the Departments of Anatomy and Pathology, University of Pennsylvania, 

Philadelphia, Pa.) 

A survey of the endocrine literature reveals the fact that the in- 
terstitial cells of the testis (Leydig) are generally credited with a 
definite internal secretion responsible for limiting growth and for 
producing secondary sex characteristics of the mascuhne type. 
These cells, while probably of connective tissue origin, differ mark- 
edly from the connective tissue cells proper to be found in the spaces 
between the tubules, Whitehead,^ Kaufman,^ Boring and Pearl,® 
Mott,'* Eberth,® Freiberg,® and others. They are large, oval, epi- 
thelioid cells containing numerous crystalloids of variable size and 
staining qualities, and susceptible of stain differentiation from the 
surroimding connective tissue cells (Figs, i, 2, 3, and 4). 

It has been supposed (Kaufmann,^ Bouin and Ancel,'^ Barker,® 
Bramwell,® Geddes,^® Kasai, Lipschutz,^^ Griffiths,^® and others) 
that gigantism with feminism was probably due to absence or change 
of the secretion of the interstitial cells. For this reason, it is felt that 
a report of the following case may be of some interest. 

While making a study of the dental conditions in the endocrine 
cases among the patients of the Michigan Home and Training 
School at Lapeer, Michigan, in the fall of 1927, I was permitted to 
examine and to obtain a relatively complete history of a male pa- 
tient in whom gigantism was not coupled with definite eunuchoid 
or feminoid characteristics. Upon the death of this individual, it 
was my privilege to make a partial postmortem examination, in-: 
eluding a number of X-rays, and to obtain one of his testes for 
microscopic study. 

The subject, a feeble-minded patient, died from an acute intestinal 
obstmetion, apparently not connected with his supposed endocrine 
condition. At death, he was 47 years old. His genetic history, as 
far as could be ascertained, was negative. The only feature worthy 
of note was the fact that he had meningitis during his tenth year. 

nor to that time, it had been noted that he was not of average men- 
ta ty, but nothing of a somatically abnormal nature had been re- 
published in partial fulfilment of the requirements for the degree of Ph.D. 
ceived for publication March 2, 1929. 
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marked. His increase in stature, together with the hyperplastic 
condition of his genitalia, date apparently, from that infection. His 
height was 79! inches. He had grown 5-I inches since the age of 
twenty-one, at which time he had been admitted to the institu- 
tion. His head circumference was 24-I inches at the level of the 
frontal prominences, which were quite marked. His chest measure- 
ment was 38-1 inches. The penis from symphysis pubis to end of 
glans was nearly 8 inches in length in the postmortem condition, 
and the testes and scrotum were proportionately large. From the 
crest of the ileum to the soles of his feet measured 44 inches. His 
hip measure was 47 inches. It -will be seen from these figures that 
he was slightly macrocephalic and only a trifle, if at all, feminine in 
contour. These minor variations were in turn offset by the fact that 
his external genitalia were decidedly hyperplastic and that, inas- 
much as he was a constant and frequent masturbator, there cer- 
tainly was no marked decrease in his libido. Neither was there any 
definite mark of feminism about his facies or hairy development, 
unless the fact that his beard was linuted to the chin and the lower 
anterior portion of his face might be so considered. Except for their 
size, the X-ray disclosed his long bones to be of about normal con- 
tour and density, merely showing a definite epiphyseal line. The 
pituitary, while it could not be examined microscopically, did not 
appear abnormal on X-ray. 

Microscopic examination of the testis revealed the tubules and 
their contained cells well mthin the bounds of the average for the 
patient’s age, consequently safely classed as normal. There was a 
notable increase in the amount of interstitial connective tissue. 
While there were cells present in the interstitial spaces, they were 
certainly not normal “interstitial” cells. These cells were through- 
out spindle-shaped, lacking the dear ovoid outline, both of nuclei 
and cells proper, shown by typical interstitial cells. They lacked also 
the granular cytoplasm and the nudear chromatin net shown by the 
interstitial cells of Leydig. In many cases they were larger than the 
connective tissue cells usually are, but, due to their form and archi- 
tecture, I believe them to be only connective tissue elements. 

The case is very largely that of fibrosis testis as described by 
Kuntz^^ and others, except that these authors do not mention a 
complete lack of interstitial cells (Figs, i, 2). Oslund^® thought 
there was an interchangeability of the two types of cells under vary- 
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ing conditions. It is not impossible that in the case which is the 
subject of the present study, the normal interstitial cells may have 
been present up to and following puberty, possibly until the age of 
21 years, when the later skeletal overgrowth became apparent. 
Toxicity or exhaustion due to frequent masturbation could conceiv- 
ably be the cause of their disappearance and the later appearance 
of many symptoms generally attributed to dysfunction of these cells. 

One would expect to find as the result of an absence of interstitial 
cells, in addition to possible gigantism, definitely feminine secondary 
sex characteristics and a marked diminution of the hbido. Were 
dyspituitarism the cause of the condition, as has been indicated by 
Cushing in cases in many ways similar, one would still expect to 
find the feminine type of sex characteristics and the decreased 
libido (Hutchinson,^^ Frank,^® and others) . In addition to the fact 
that neither of these conditions existed in this case, one must note the 
presence of hyperplastic genitalia and no evidence of delayed closure 
of the epiphyses, all of which would seem to eliminate the pituitary. 

There is no scarcity of literature to demonstrate the effects of 
castration upon the development of the bony skeleton or upon 
changes in the secondary sexual characteristics (Myers,^^ Moore,^“ 
Kuntz,^'* Dixon • The removal of the testes entirely, undoubtedly 
appears to remove from the body some hormone which affects these 
conditions to a marked degree. However, the opinion that this 
hormone is the product of the interstitial cells solely does not seem 
to be entirely warranted. In addition to the fact that such a secre- 
tion might come from other testicular cells, it must be remembered 
that castration involves the loss of what is probably the most im- 
portant function of the organism, that of procreation. It is scarcely 
to be believed that such an interference could take place without an 
observable reaction in the organism, even should this reaction be 
largely or wholly psychic. Doubtlessly, a hormone or hormones are 
involved, but it is hardly necessary to Umit the effect of castration 
to their action. 

Myers,^^ in studies upon vasectomized rats, compared the effects 
of vasectomy with those of castration. He noted that in vasectomy 
no marked physical or psychical changes resulted, and also that 
there was no observable change in the interstitial cells. On the other 
hand, spermatids and spermatozoa degenerated. Following castra- 
tion there were marked changes of a somatic and psychic nature. 
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i. c., reversion to feminoid physical type and unstable mental con- 
dition. His very logical conclusion was that the interstitial cells 
controlled these conditions. He did not remark upon the Sertoli 
cells or the spermatogonia, but it is true that vasectomy does not 
markedly alter these cells, and it is at least possible that either or 
both ma)^ secrete the hormone or hormones involved. The same 
considerations apply to the work of Hanes " as to that of Myers just 
mentioned. However, Boring and PearF in a rather exhaustive 
study of the interstitial cells under varjnng conditions, felt that their 
appearance was so irregular that no definite endocrine function 
could be safely ascribed to them. Oslund found that vasectomy 
had little or no effect upon any of the testicular cells, and that ex- 
perimental cryptorchidism produced atrophy of sex cells, but hyper- 
trophy of interstitial tissue. \\Tiile Des Cilleuls,”^ like Myers, 
Hanes, and others, felt that the case for the endocrine character of 
the interstitial cells was made, the later more detailed work of Bor- 
ing and Pearl, using the same type of animals as Des Cilleuls, seems 
to weaken the nature of his conclusions. 

Warthin from many years of careful clinical and laboratory ob- 
servation, feels that the weight of the evidence is in favor of the func- 
tion of the cells of Leydig being mainly a nutritive one. BramweU,® 
Cushing,^® P. E. Smith, Van Wagenen^*^ and others, approaching 
the study from both laboratory and clinical angles, have felt that 
conditions of the sort mentioned, coxild be ascribed to the anterior 
lobe of the hypophysis, especially as regards the variations in bony 
growth. My own work on dogs ■' would tend to confirm this. 

Frank considered that due to the immensely conflicting nature of 
the evidence no positive conclusions could be drawn as to the effect 
of either interstitial cells or pituitary, from either the published ex- 
perimental or clinical observations. Kasai in a particularly complete 
study on a long series of human autopsies found such wide variations 
in both interstitial and intratubular cells in individuals coming well 
within normal limits, as well as those of a distinctly abnormal make- 
up, that he was unwilling to draw conclusions as to the possible en- 
docrine function of either of these cell types. Diirck^® found no 
regularity in the appearance of the interstitial cells in varying con- 
ditions, unless it was a tendency toward increasing paucity as the 
result of debilitating disease. This same tendency was remarked by 
Mills in his studies of the testes of patients dying in the army 
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camps from pneumonia and influenza. The former of these writers 
(Diirck), also cited one of the few cases to be found in the literature 
of complete absence of interstitial cells, but his case, totally at the 
opposite extreme from that reported here, was a cretin, with hypo- 
plastic genitalia. Diirck’s case and mine, diametrically opposed in 
build and the sex characteristics, but both presenting an absence of 
interstitial cells, would argue against the role of these cells in in- 
fluencing either or both of these conditions. 

Hosftatter was unable to influence the testicular cells to a defi- 
nite degree by the transplantation, injection, or feeding of pituitary 
preparations, 

Lipschiitz,®^ in his exhaustive study of the sex glands, found that 
the adult interstitial cells came into prominence at about the period 
of puberty. He also noted that continued intoxication of any kind 
caused their atrophy. Finally, he concluded that the evidence was 
in favor of these cells being endocrine in their nature, although he 
admits that he does not consider the case definitely or finally 
proved. His findings regarding both their time of appearance and 
conditions causing their atrophy would be fully as apt to apply to 
cells of a purely nutritive or supporting character as they woifld to 
endocrine cells. 

Sand and Kuntz found that frequently there was an increase in 
the intensity of sexual ardor coincident with hyperplasia of the in- 
terstitial cells. On the other hand, the case described here argues 
that the absence of these cells by no means necessitates a diminution 
in that intensity. 

Tsuji demonstrated that thyroid extracts had a definite effect 
upon aU of the testicular cells, but apparently did not feel that that 
proved their endocrine character. Freiberg accepted the belief that 
the interstitial cells were definitely endocrine and with that assump- 
tion made a study of their changed appearance under varying 
conditions. 

Hudovemig and Popovits^^ and Hudovemig®® reported a case 
carefully studied clinically over a period of years. Their case is so 
markedly sunilar to the case which is the subject of this study, that 
they may be considered as similar in type and possibly in etiology. 
By the method of trial and error, they were finally able to improve 
this patient’s condition by the administration of ovarian extracts. 
This in spite of the fact that the patient was a male. This would 
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seem to argue against the specificity of any hormone secreted by the 
testicular interstitial cells. 

On the whole, the more complete the review of the literature on 
this subject, the more apparent it becomes that there is a complete 
lack of accord among the investigators who have studied the inter- 
stitial cells. The general trend of belief is that they constitute an 
endocrine organ, although very few workers wll take this stand with 
any degree of positiveness. On the other hand, there is slight evidence 
to point toward their nutritive character, although again, no conclu- 
sive studies resulting in this view have thus far been submitted. 

In eunuchoidism, it is remarkable that, although the secondary 
sex characteristics are apt to be affected markedly, and that fre- 
quently there is an increase in stature, there is a possibility of nor- 
mal interstitial cells, or even of hyperplasia of these cells. In vasec- 
tomy, psychic and somatic qualities remain apparently normal and 
there is little, if any, change in the interstitial cells. In individuals 
with normal physical and sexual characteristics aU variations of the 
interstitial cells have been noted. The giant may show complete 
absence of interstitial cells and so may the cretin. Coincident with 
hypoplastic genitalia, there may be an increase in these cells, while 
the same condition may prevail in the individual with hyperplastic 
genitalia. Considering this complete lack of any sort of regularity 
in their appearance in the various types of physical and psychical 
aberrations or even in normal cases, it is extremely difiScult to attri- 
bute to these cells any very important endocrine character. 

SuMiiAny 

1. The case presented here, a definite giant, did not have the 
hypoplastic genitalia or the marked feminine secondary sex char- 
acteristics usually associated with such a condition. 

2. Microscopically there was an apparently complete absence of 
testicular interstitial cells, which, while they are supposed to limit 
bone growth, are likewise supposed to produce, in part at least, the 
masculine type of secondary sex characteristics. 

Note: I wish to express my indebtedness to Drs. W. J. Kay and 
M. O. Blakeslee, of the Lapeer Institution, and to various members 
of the staffs of the Universities of Michigan and Pennsylvania, in 
particular, Dr. Geo. S. de Renyi, who gave me such kind assistance 
in preparing the illustrations. 
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DESCRIPTION OF PLATES 
Plate 59. 

Fig. 1. Photomicrograph of testis of case cited, showing great increase in 
quantity of stroma, but no normal interstitial cells (Leydig). x 360- 

Fig. 2. Photomicrograph of normal human testis, showing numerous inter- 
stitial cells. X 360. 
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Pl-/\TE 6o. 


Fig. 3. Camera lucida drawing of intcrslilial cells from a normal testis (a); 
connective tissue cells from stroma of case cited (b); an erythroycte (c), 
for comparison of size, x 1600. 

Fig. 4. Retouched photomicrograph of normal testis showing interstitial cells 
(a); connective tissue cells (h); (c) a normal polymorphonuclear neutro- 
phile. X 1500. 







MYELOBLASTIC SARCOMA OF THE CRANIUM* 
Edwin F. Hiesch 

{From the Henry Baird Favill Laboratory of St. Luke's Hospital, Chicago, III.) 


The proper classification of newgrowths composed essentially 
of myeloid tissue and its supporting stroma has been the theme of 
many discussions and lengthy reports. Whether the multiple myelo- 
mas, for example, are true tumors or simply narrow tissue hyper- 
plasias and, in that sense, systemic disorders, is a question about 
which there is no unanimity of opinion. Theories in regard to 
Sternberg’s leukosarcomas, the chloromas, and other related diseases 
of the bone marrow are equally conflicting, and no interpretation of 
the nature of these diseases is accepted unequivocally. The purpose 
of my report, therefore, is not to attempt to arrange these views in 
some acceptable order by discussing them at length, but rather to 
place on record an account of a huge solitary myeloid growth of the 
head with extensive destruction of the regional bone tissues and with 
metastases into the lymph nodes of both sides of the neck and into 
the right lung. In all of these places there were cellular structures 
and tissues which resembled certain components of bone marrow 
tissue. 

Report of Case 


Clinical History: C. B., a negro, aged 52 years, entered the Ear, Nose, and 
Throat service of Dr. W. H. Theobald at St. Luke’s Hospital, September 29, 
1928, complaining of pain and soreness over the right eye for about a year, and 
a swelling for two months. At that time the physical examination disclosed a 
fluctuant mass about the size of a walnut in the right frontal region, and a 
purulent exudate escaping from the upper ethmoidal regions on both sides. 
The pupils were equal and regular but did not react to light. The lymph nodes 
of the neck were somewhat enlarged and the diagnosis “empyema of the frontal 
sinus” was made. Dr. Theobald, on October 4th, attempted to drain the frontal 
smuses but found only a little exudate in the mass bulging over the eye. He was 
surprised to discover that the frontal bone was eroded and penetrated, and that 
the right sinus was filled with gray-white, friable tissue. This tissue extended 
through the posterior wall to the dura and to some extent filled the left frontal 
smus. Tissues removed at this time were considered to be like lymphosarcoma, 
a though the cells in the stroma were much larger than those usually noted 
m these growths. There were no serious consequences from the operation. 

e spinal fluid was unchanged. On October 12th, the blood contained 
3,0 0,000 erythrocytes and 9,700 leucocytes per cubic millimeter, and the 

* Mded by fte Winfield Peck Memorial Fund. 
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hemoglobin was 69 per cent. The distribution of the leucocytes was as follows: 
70 per cent neutrophil and 5 per cent eosinophil polymorphonuclear leucocytes, 
20 per cent small and 5 per cent large lymphocytes. On November 4th, the 
patient complained of dizziness, tinnitus, and diminished vision. A cervical 
lymph node as large as a \valnut was noted under the center of the left sterno- 
cleidomastoid muscle on November 6th. A roentgen examination by Dr. E. L. 
Jenkinson on November loth, failed to demonstrate metastases of the lungs. 
By November 13th, both sides of the nose had become occluded by the rapidly 
growing tissues, and the growtli over the right eye had increased markedly in 
size. On November 21st, tlie blood contained 2,950,000 erythrocytes and 62,000 
leucocytes per cubic millimeter, and 49 per cent hemoglobin. A few leucocytes 
but no otlier abnormalities were found in the urine. The tumor mass over the 
right frontal region grew rapidly and ulcerated in several places. Blindness of 
the right eye and diminished vision of the left followed. After gradually becom- 
ing weaker, the patient died December 9, 1928, at 3.00 a.m. 

The postmortem examination of the head, neck, and trunk was 
started seven hours later. 

The essential portions of the anatomic diagnoses are: huge pri- 
mary myeloblastic sarcoma of the cranium with extensive destruc- 
tion of the ethmoid, nasal, superior maxillary, frontal and sphenoid 
bones; marked sarcoma invasion of both orbits; sarcoma metastases 
of the left submaxillary, the right and left deep cer\dcal lymph nodes, 
and the right lung; displacement, compression, and superficial in- 
vasion of the anterior portion of both frontal lobes of the brain; 
acute purulent ethmoid, sphenoid, and left maxillary sinusitis; 
marked emaciation; cloudy swelling of the liver and kidneys; fatty 
changes of the liver; diminished lipoid content of the suprarenal 
glands; chronic emphysema, and bronchiectasis of the lungs. 


Autopsy Report 

Only the pertinent portions of the postmortem record are men- 
tioned. The body of this negro weighed 100 pounds. The left eye 
was prominent. The nose was flattened and deviated to the left 
because of a large fungoid mass of tissue that covered the right 
frontal bone and extended to the left of the midline 4 cm. and up- 
ward 10 cm. from the nasion. This mass was 14 cm. in diameter 
and as thick as 8 cm. It hung down on the right side so as to cover 
the right eye and maxilla like a huge cauliflower. Three ulcers, 
each about 7 cm. in diameter, included approximately half of the 
outside. The tissue in this mass was gray-white, soft and friable 
like brain substance. 
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The scalp tissues were reflected in the usual way. Most of the 
tissue growth was outside of the skull, but in front, corresponding 
to the right superciliary arch, the bone tables were destroyed. 

Brain: The calvarium weighed 450 gm. There was a marked 
hyperplasia of the myeloid diploe. The bone in front was 7 mm. 
thick. The dura was closely adherent. The lumen of the superior 
longitudinal sinus contained fluid and clotted blood; the lining was 
smooth. The leptomeninges of the brain were thin and glistening. 
The tip of the left frontal lobe was adherent for a length of 2 cm. to 
the inside of the dura and to a mass of soft, gray tissue on the left 
side of the midline. This mass extended upward on the falx 3.5 cm. 
from the base of the cranium and 3 cm. backward. There was a 
similar mass of tissue on the right side of the falx, practically as 
large, and both cribiform plates of the ethmoid were covered over 
with these tissues, the right slighly more so than the left. The con- 
tiguous brain substance was pushed away rather than invaded. The 
abundant spinal fluid was dear and colorless. The convolutions of 
the brain were flattened slightly, especially in front, and the suld 
narrowed. The olfactory bulbs were destroyed. The stalks were 
markedly compressed against the brain substance. The anterior 
poles of both cerebral hemispheres were compressed over areas 
measuring 4 by 3.5 cm. and to a depth of 2 cm. In removing the 
brain these tissues were torn superficially and seemed to be invaded 
slightly with tumor tissue. The leptomeninges between the olfactory 
bulbs and lateral to these for a width of 2 cm. were slightly opaque, 
a thickening which continued back to the optic chiasma, covered 
over the infundibulum, and ended at the anterior margin of the pons. 
The brain weighed 1,220 gm. The lining of the right and left lateral 
and sigmoid sinuses of the dura was smooth. When the dura was 
stripped from the base of the skull a large quantity of thick yellow 
exudate escaped on both sides from the eroded sphenoid sinus. More 
was released when the clivus was cut. In removing the dura from 
the anterior cranial fossa a large amount of friable, gray-white tis- 
sue was tom from along both sides of the midline. This tissue ad- 
herent to the dura was a mass 7.5 cm. long, 6 cm. wide, and as thick 
as 3.5 cm. 

Cranial Bones: There was an extensive destruction of the cranial 
bones, extending forward from the posterior edge of the anterior 
cranial fossa to the ascending portion of the frontal bone, on the 
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right side i cm. wide, and 2.5 cm. on the left. The anterior 2 cm. 
of the left orbital plate to the lateral edge were destroyed and re- 
placed by soft, gray tissues, which had grown extensively into the 
left orbit, although small masses of muscle and fat remained. The 
left maxillary antrum was invaded, but the antrum itself was filled 
chiefly with a thick yellow exudate. The ethmoid bones were de- 
stroyed, and the right orbit and maxillary sinus contained much 
tumor tissue. A defect of the frontal bone involving both sinuses 
and including both tables equally on the right and the left of the 
midlinc was 5.5 cm. wide and extended 3.5 cm, into the nasal septum. 
There were no changes of the middle ears or ear ossicles. 

Lymph Nodes and Glands: The right and left axillary lymph 
nodes were scarcely 1 cm. in diameter. The right and left superficial 
cervical lymph nodes were small, flat, and dark red. The right sub- 
maxillary lymph node was gray-pink, 1.5 cm. in diameter; and the 
left, shaped like a pigeon’s egg, measured 4 by 2.7 by 2.5 cm. and 
consisted largely of white, opaque, friable tissue. Both submaxillary 
salivary glands contained coarsely lobulated brown tissue. In the 
left posterior cervdeal triangle near the apex, l>ang beneath the 
sternocleidomastoid muscle, was a large Ijonph node shaped like a 
goose egg, 8 by 5 by 4.5 cm. It e.xtended to the base of the cran- 
ium, Around this were several other small Ijunph nodes, and the 
medial edge of this mass of lymph nodes was in direct contact with 
the internal jugular vein. The lining of this vein was smooth. 
These masses contained soft, white, opaque tissue, mottled 50 per 
cent with small irregular regions of necrosis. At the apex of the 
right posterior triangle were other lymph nodes, as large as 2.5 cm. 
in diameter. They were along the internal jugular vein, but the 
lining of this vein was smooth. These nodes extended to the base 
of the cranium. The muscles of the neck were unchanged. The 
thyroid gland, weight ig gm., was symmetrical. There were no 
enlarged lymph nodes along the front of the cervical spine. The 
oral surface of the hard and soft palate was smooth mucosa and the 
tonsils were small. The lymph nodules at the base of the tongue 
were pink. There were no noteworthy changes of the pharynx, 
esophagus, epiglottis, trachea or larynx. The tracheobronchial 
l3anph nodes were 2 by 0.7 by 0.5 cm. and contained chiefly soft 
black tissue. 
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Lmigs: In the upper lobe of the right lung 6 cm. from the apex 
was a mass of gray-white tissue i cm. in diameter. There were no 
other similar masses. 

Other Tissues: The routine examination of the trunk included the 
innominate veins, superior and inferior venae cavae and their main 
branches, heart, aorta and its main branches, thoracic duct, para- 
thyroid glands, liver and its bile ducts, kidneys and ureters, pancreas 
and the duct, spleen, stomach and bowel, prostate, seminal vesicles, 
urinary bladder, vasa deferentia, testes, epididymides, biliary and 
mesenteric lymph nodes, rectum, spine, ribs, and the bones in a 
general way. 

Pathological Examination 

Because of the changes due to necrosis in the primary growth and 
in order to avoid confusion with tissues into which the tumor had 
grown, the lymph node metastases were considered best suited for 
study, and the tissues in these places were then compared with the 
tissues in the primary growth. These tissues were fixed in Zenker’s 
solution and in formalin. Thin sections prepared by the paraffin 
method were stained with hematoxylin and eosin, phosphotungstic 
acid hematoxylin, May-Griinwald according to Helly,^ Giemsa 
(Wolbach’s modifications), and iron hematoxylin. Alcohol-fixed 
material was stained for glycogen. 

Lymph Node Metastasis: The lymphoid tissue of the left deep 
cervical lymph node was entirely replaced by tumor. The appear- 
ance of the tumor varied considerably because of the amount of 
stroma and necrosis. In arranging the description, therefore, it 
seemed logical to describe first those places with practically no 
stroma and then those with increasing amounts of connective 
tissue. 

Sections with Little Stroma: The highly cellular masses of tissue 
were arranged around thin-walled blood channels in masses as large 
as I min. in diameter. These consisted of large cells, 20 to 25 microns 
m diameter, closely grouped without stroma like a mosaic, the 
boundaries, fine linear tracings corresponding to membranes of con- 
tiguous cells (Fig. i). The outline of all of these cells was not the 
same, but the variations were such as occur when flexible globifles are 
crowded together. The abundant cytoplasm was granular and vacuo- 
lated. The large vesicular nuclei were oval, round, or indented. The 
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cliromatin material of the nuclei was distributed in a few fine 
threads, in a number of small masses along the nuclear membrane, 
or in one large or several small round compact masses. The con- 
tinuity of the mosaic pattern was interrupted by small clefts, usually 
having two or three times the diameter of the cells mentioned. 
Some of these were artefacts, while others were probably the result 
of necrosis or cell shrinkage. In such places there were several 
polymorphonuclear leucocytes and cellular debris. In addition to 
these were much larger regions where the cells were much more 
loosely arranged. With these cells were polymorphonuclear leuco- 
cytes, granular debris of cells, and a number of cells with cytoplasm 
that stained like erythrocytes, some having a few basophilic granules 
and with a solid or coarsely granular nucleus. Similar cells when 
found in stained films of blood are considered, without much hesita- 
tion, to be normoblasts. The granules in the cytoplasm of the cells 
in tissues stained according to May-Griinwald and Giemsa fforma- 
lin, Zenker, and Schaudinn-fixed material) were generally neutro- 
philic, but in the mosaic in direct continuity with these cells, with- 
out regular distribution, were some with coarse eosinophile granules 
and a thick horse-shoe-shaped or lobed nucleus. Many of these 
equalled in size the cells with the neutrophile granules. A few cells 
had a number of coarse basophilic granules. Along the periphery 
of these masses the cells were necrotic. 

Sections with Mnch Stroma: Where collagenous connective tissue 
was more abundant, narrow septums formed small compartments 
with large, roimd or polygonal cells of the character mentioned, 
singly, or in groups of several. The dimensions of the cells in these 
structural units were somewhat greater than 25 microns. Within 
some of these alveolar xmits there was very little supporting stroma, 
but in others there was more, these transitions passing gradually 
into tissues with considerable stroma (Fig. 2), in which the cells 
were separated from each other by narrow fibrils or bands of con- 
nective tissue. Special mention should be made of large cells, as 
much as 50 to 60 microns in maximum diameterj with neutrophilic, 
granular, and vacuolated cytoplasm, and with one or several large, 
vesicular nuclei or a single, coarsely lobed, crescentic nucleus as in 
a megakaryocyte. Among the cells were many in mitosis. 

Primary Tumor: In portions of the primary tumor examined 
(Fig. 3), the stroma was abundant and there were only small masses 
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of cells arranged in mosaics. Here, too, were many necrotic places, 
but especially numerous were the large cells of the megakaryocyte 
(Fig. 4) variety. 

Lung Metastasis: The small mass in the lung was histologically 
the same as the tumor tissue of the lymph node. 

Oxidase Granules: Frozen sections of formalin-fixed material 
(lymph node metastases) were stained for oxidase granules by the 
Graham’s benzidine method ^ for tissues. In the tumor tissue there 
were many cells filled with mahogany-brown granules. The large 
myeloblastic cells contained none, or only a few. 

Other Examinations: Histological examination of lymph nodes 

(2) along the greater curvature of the stomach, parabronchial 
lymph nodes (2), mesenteric lymph nodes (2), biliary lymph nodes 

(3) , left axillary lymph nodes (2), right submaxiUary lymph node, 
tracheal lymph nodes, right and left superficial cervical lymph 
nodes, periesophageal lymph nodes, and of the tonsils, seminal 
vesicles, suprarenal glands, myocardium, diaphragm, aorta, gall- 
bladder, esophagus, parotid gland (3), epididymides, stomach, lungs, 
liver, kidney, spleen, submaxillary salivary glands, pancreas, testes, 
thyroid gland, root of the tongue, prostate, urinary bladder, small 
and large bowel, failed to disclose tumor tissue, or other unusual 
changes. 


Discussion 

There is little doubt that the growth in the head is myeloblastic 
tissue, a conclusion that is logical because of the presence of mye- 
loblasts, eosinophilic myelocytes, megakaryocytes, and erythro- 
blasts. It has the properties of a malignant tumor as shown by the 
local extensive destructive growth and the occurrence of secondary 
growths in the cervical lymph nodes and in the right lung. 

Borst ® described malignant tumors which contain immature pre- 
cursors of myelocytes, leucocytes, and megakaryocytes as myelo- 
blastic sarcomas (myeloma sarcomatodes). Usually there is only 
one cell form represented; rarely, the particular malignant tumor 
sunulates the entire bone marrow with its different forms in an at3rpi- 
cal, incomplete way. Froboese ^ studied an infiltrative and destruc- 
tive t\imor of the sternum that contained erythroblasts, er3rthro- 
cytes, myeloblasts, and myelocytes, with all their antecedent and 
intermediate forms. He regarded the growth as one of multiple 
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myelomas and stated that although certain myelomas are accom- 
panied by visceral metastases most of them are not, and that no one 
because of its expansive growth is to be interpreted as malignant in 
the usual sense. Wallgren’s® extensive review of myelomas cites 
many accounts of visceral growths with multiple myelomas, al- 
though Wallgren himself agrees with the general conclusions stated 
by Froboese. Ribbert ® in 1904 described a sarcoma of the head with 
metastases to the spine, which by postmortem examination proved 
to be a myeloma. The right orbit was invaded extensively, and other 
nodules were discovered in the ribs and spine. He found cells in the 
tumors, like erythrocytes, and other cells transitional between 
erythrocytes and colorless tumor cells. The report by Roman ^ 
described two patients with multiple malignant tumors of the bones, 
composed of myeloid tissues and accompanied by widespread metas- 
tases of the lymph nodes. He mentions four other reports which he 
regarded as similar. Another account by Herscher and Thevenard ® 
described two large tumor masses of the skull and another of the 
sternxun. The cells of these resembled myeloblasts, myelocyte pre- 
cursors, and megakaryocytes. 


SmaiARY 

A large myeloblastic sarcoma of the skull with metastases into 
the right and left deep cervical lymph nodes and into the right lung 
is described in this report. 

The tumor and its metastases contained cells that resembled 
cellular components of the bone marrow. 
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Plate 6i 

Fig. I. Photomicrograph of a lymph node metastasis to illustrate the mosaic 
arrangement of the tumor cells. X 254. 

Fig. 2. Photomicrograph of a lymph node metastasis in portions with consider- 
able fibrous stroma, x 254. 
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Pl-ATK 62 

I'lG. 3. PholoinicroRrapli of tlic cranial tumor tissues in which there were many 
ceils of the megakaryocyte variety. X 254. 

Fig. 4. Camera lucida drawing of several of the large multinucleated cells in 
the primary tumor. 













TERATOMA OF THE NECK * 

0 . Saphir, M.D, 

{From the Departments of Pathology of Western Reserve Medical School and the 
Cleveland City Hospital, Cleveland, Ohio) 

Teratoma of the neck is rare and deserves a detailed study. A 
case of this type, on which an autopsy was performed at the City 
Hospital of Cleveland, served as the basis of this study. 

In a review of the literature on this subject it is somewhat difficult 
to decide whether certain reported cases of so-caUed teratoma of the 
neck are true teratomas or not. This is especially true of cases which 
were reported at a time when the use of the microscope was not yet 
a routine procedure. There are cases classified as teratoma which 
either were not satisfactorily studied or showed only derivatives of 
one or two germinal layers and therefore do not deserve to be so 
classified. We, therefore, thought it wise to differentiate strictly 
between teratoma and tumors which possibly might be teratoma, but 
might be only mixed tumors, and should not go into the literature 
as true teratomas. Most of these tumors are in close relation to the 
thyroid. The absence or presence of the thyroid gland determines 
whether such a tumor shall be called teratoma of the neck or tera- 
toma of the th3nroid. If the thyroid gland is absent, the tumor is 
called a teratoma of the thyroid. If the thyroid gland is present, it 
is called a teratoma of the neck. 

The first case of teratoma of the neck described was that of Grass 
m 1691. This was a tumor of the neck of a woman and was classified 
as a fetus. Joube, in 1759, described a tumor of the neck which con- 
tained cartilage and bone. This tumor was supplied by branches of 
the left carotid artery. Morand, in 1776, found hair and intestines 
in a tumor of the neck. A more detailed description is found in the 
article of Bury, who, in 1834, published the case of a still-bom child 
^th a tumor of the scalp, face and neck. The tumor was called an 
imperfect fetus containing amniotic fluid, skin, hair and bones. 

. earliest four cases, usually accepted as teratoma of the neck, 
in our opinion do not deserve to be classified as such, even though 
t ere is not much doubt about their true nature. The lack of more 

etailed study prevents us from classifying them as teratoma. 
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Table I gives the cases of teratoma of the neck; it gives the name 
of the author, the year of publication, the age and sex of the patient. 
It further states whether or not the thyroid gland is present in these 


Table I 


Author 

Year of 
publi- 
cation 

Age 

Sex 

gland 

Brain 

tissue 

Remarks 

Hess 

E £ £ 

NB 

M 

pr. 

n.r. 


Zahn 


SB 

n.r. 

ab. 

n.r. 


Schiimnelbusch 

E s 

NB 

M 

pr. 

n.r. 


Wetzel 

E 2 Ij; 

SB 

M 

pr. 

pr. 


Pupovac 


9 wks. 

M 

n.r. 

pr. 

Metastasis in lymph 







nodes 

Swoboda 

1896 

8 da. 

F 

pr. 

pr 


Bostroen 

1896 

NB 

n.r. 

n.r. 

pr. 


Dentler 

1902 

Fetus 

n.r. 

n.r. 

pr. 

W'as called cystadeno- 



8 mos. 




enchondrosarcoma 

Carter 

1903 

I mo. 

F 

n.r. 

n.r. 


Wiesinger 

1904 

14 da. 

n.r. 

n.r. 

n.r. 


Poult 

190S 

2 mos. 

M 

pr. 

pr. 


Flesch and Wintemitz . 

190S 

a. 8 mos. 

F 

pr. 

pr. 




b. 2 mos. 

F 

pr. 

n.r. 


Herb 

1906 

4 da. 

M 

pr. 

pr. 


Lurje 

1908 

S 3 yrs. 


pr. 

pr. 

Sarcoma with metastasis 

Niosi 






in lung 

1908 

6 mos. 


n.r. 

pr. 


Hunziker 

1909 

SB 

eU 

pr. 

pr. 


Kimura Kuniza 

1910 

NB 


ab. 

pr. 


Schoenberg 

1911 

NB 

M 

ab. 

pr. 


Russell and Kennedy . . 

1913 

n.r. 

F 

pr. 

pr. 


Ehlers 

1914 

9 wks. 

M 

pr. 

pr. 


Domer 

1915 

NB 

n.r. 

pr. 

pr. 


Van Rey 


n.r. 

n.r. 

n.r. 

pr. 


Fritsche 

1920 

41 yrs. 


pr. 

n.r. 

Sarcomatous structures 

Hadda 

1921 

n.r. 


pr. 

pr. 


Koemer 

1922 

2 da. 


n.r. 

pr. 


Hordemann 

192s 

6 wks. 

F 

pr. 

pr. 


Tammann 

1925 

NB 


pr. 

pr. 


Custer 

1926 

3 da. 


pr. 

pr. 


Lecene and Mouchet . . 

1928 

a. 7 yrs. 


pr. 

pr. 




b. 2 yrs. 


pr. 

pr. 



Abbreviations: NB = newborn; SB = stillborn; da. = days; wks. = weeks; mos. = months; yr. = 
year; M = male; F = female; pr. = present; ab. = absent; n.r. = no reference. 


cases and shows whether or not the teratoma contains brain tissue. 
AU cases hitherto reported occurred in white individuals. 

Hordemann, without giving references, has stated that thirty- 
one cases of teratoma of the neck had been reported up to 1925. 
Since Hbrdemann’s pubhcation four more cases have been reported, 
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yet we have found only thirty-one cases reported which, as far as we 
can judge, are to be considered true teratoma of the neck. All tera- 
tomas of the neck hitherto reported occurred in Europeans, and, mth 
the exception of Herb’s case, have been reported in European litera- 
ture. The material for Herb’s report in the American literature was 
obtained in a hospital in Prague. 

Table II shows the cases of tumors of the neck which are not 
proved teratomas but which, by some authors, have been included 
as teratoma of the neck. 


Table II 


Author 

Year of 

1 public.! lion 

Remarks 

Gilles 

1852 

1S6S 

1871 

1S76 

18S1 

iSSS 

xSSS I 

1892 1 

IS93 

Cysts, and cross-striated muscle. 

Cysts, cartilage, cross-striated muscle. 

Cartilage, bene. 

Cysts, cartilage. 

Chondroma mixtum. 

Glands, cartilage, cross-striated muscle. 

Follicles wth colloid, cartilage. 

Cysts, cartilage, bone, glandular structures. 
Enchondroma, glandular structures, cysts. 

Boucher 

Tanahill 

Houcl 

Vonwillcr 

Tansini 

Burghiigen 

Billig 

Recklinghausen 


According to the literature the teratoma of tins region seems espe- 
cially characterized by the presence of brain tissue. Hess was the 
first to lay stress upon this point. Almost every case reported since 
189s shows glia tissue or ganglion cells as a predominating feature 
of teratoma in tliis region. 

Case Report 

A colored woman was admitted to the hospital with the diagnosis 
of toxemia of pregnancy. The delivery did not prove difficult but 
the child was born dead. The child, the subject of this report, was 
a well developed, mature, still-born, colored girl. She measured 
47 cm. in length and weighed 4 kg. In the region of the neck there 
was a large asymmetrical mass extending across the neck on both 
sides of the midline, and reaching the angle of the mandible on the 
left side. The mass measured 3 by 5 by ii cm. in diameter and was 
of varying consistency. In parts, the tissue was very soft, almost 
fluctuant, but in other portions it was very firm and nodular. The 
firm portions measured about 0.5 to 1.5 cm. in diameter in cross- 
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section. The skin over the mass was easily removable. The sterno- 
cleidomastoid muscles extended over it on both sides. Section 
showed it to be encapsulated, the capsule containing many hypere- 
mic vessels. The tumor was situated just above the trachea, which 
showed no signs of compression. A careful search failed to reveal 
any evidence of the presence of th3nroid gland, although the neoplasm 
was supplied by branches of the superior thyroid arteries. 

On section, the fresh surface of the bulk of the neoplasm was 
grayish white and mucoid in appearance. The tissue was very soft 
and diffluent, and the capsule retracted. A few portions were red- 
dish gray and of firmer consistency, while other more or less well 
circumscribed nodules were of a very firm, bony consistency. Other 
parts showed several cysts which were filled with a clear, pale yellow 
hquid. These cysts measured 0.5 to 1.5 cm. in diameter and had 
smooth, thin walls. 

With the exception of complete atelectasis of both lungs, the re- 
mainder of the organs showed no pathological changes. 

Blocks were taken from various parts of the tumor, hardened in 
10 per cent formalin and embedded in paraffin. Sections were 
stained with hematoxylin and eosin and by the Van Gieson method. 
Mallory’s phosphotungstic acid hematoxyhn stain was used to dem- 
onstrate glia fibers and Bielschowsky’s method was applied for 
identification of nerve fibers. 

Most of the sections showed areas consisting of a network of fine 
fibers which were well stained with Mallory’s phosphotimgstic acid 
stain. Between the fibers two types of cells were seen. The smaller 
cells were deeply stained, showed hardly any cytoplasm, and some- 
what resembled l)nnphocytes. The larger cells had a more or less 
centrally situated nucleus with distinctly recognizable chromatin 
network and nucleolus. By the use of the eosin-methylene blue 
stain it was shown that the cytoplasm contained coarse granules or 
groups of granules, presumably Nissl bodies. Some of these cells 
showed protoplasmatic elongations. Blood vessels were abundant 
in these regions. In short, this type of tissue is identical with brain 
tissue described recently by Custer in such tumors. The morphology 
of the large cells, the presence of granules in the cytoplasm and the 
protoplasmatic processes indicate that these cells are ganglion cells. 

One section showed in a circumscribed area a very dark brown 
pigment which surrounded a small lumen. Poult, Hunziker, Custer 
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and others suggest that similar pigment found in their cases might 
possibly be choroidal in origin. 

In other fields connective tissue fibers were demonstrable which 
in some portions were spread apart by a mucoid material containing 
stellate cells. Some of the sections showed many transversely stri- 
ated muscle fibers, hlost of these muscle fibers contained a cen- 
trally situated nucleus but nuclei in the periphery of the sacroplasm 
and nuclei situated half way between the periphery and centrum of 
the sacroplasm of the muscle fibers were noted too. Other sections 
showed a large number of smooth muscle fibers. Young hyaline 
cartilage with very many nuclei were present in some fields and in 
only a few areas was weU developed bone demonstrable. In some of 
the sections there was fat tissue. 

In a great number of sections cysts were found. The majority of 
these c}'sts were lined by one layer of liigh cylindrical cells, but some 
were lined by squamous cells. A few cysts showed a very abrupt 
transition from this type of lining cylindrical cells to squamous cells. 
Some of the cysts had a papilliferous proliferation of the lining cells 
into the lumen. Transition from tliis type of lining cells to squamous 
cells was also demonstrable. Some of the cysts were surrounded by 
bands of smooth muscle fibers. Only a few sections contained small 
acini with empty lumina lined by one or two la5’’ers of cuboidal cells. 
There is no definite indication to warrant the assumption that these 
acini were parts of thyroid structures. 

Several sections showed what appeared to be blood islands. The 
cells were principally mononuclears but of variable cliaracter. In one 
area they were associated with elongated endothelial cells. Stained 
with eosin-methylene blue, they were small cells with dense nuclei 
and scanty, faintly stained, non-granular acidophilic cytoplasm, ap- 
parently nucleated erythroyctes. Lymphoid types were character- 
istic. Larger cells showed a coarsely vesicular indented nucleus. In 
some of these the cytoplasm was filled with eosinophilic granules of 
■uniform size. In others the cytoplasm was basophilic but not granu- 
lar. The blood in blood vessels was normal in all respects. 

Hair follicles, sebaceous and sweat glands were present in a few 
slides. 

Summarizing the histological findings, the following tissues were 
found: 
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1. Brain tissue, which is the predominating part of the tumor, and 
ganglion cells. 

2. Cysts lined by squamous cells; hair follicles; sebaceous and 
sweat glands. 

3. Connective tissue. 

4. Smooth and cross-striated muscle fibers. 

5. Hyaline cartilage and a small amount of bone. 

6. Fat tissue. 

7. Blood islands (?). 

8. Cysts lined by cylindrical cells; papilliferous cysts. Cysts lined 
by cylindrical cells with abrupt transition into squamous cells. 

Discussion 

Our tumor is a true teratoma sho\ving derivatives of the three 
germinal layers. As in other cases, the predominating part is brain 
tissue. The location of the tumor, the vascular supply, and finally 
the absence of the thyroid gland suggest at first that we are dealing 
with a teratoma of the thyroid. But it is impossible to say whether 
the tumor arose close to the thyroid gland and merely occupies its 
place, after atrophy and final disappearance of the gland, or whether 
the tumor is a teratoma of the thyroid itself. Although most 
teratomas of the neck show at least parts of the thyroid gland, 
and ours does not, yet we are rather inclined to believe that our 
tumor is not a teratoma of the thyroid itself but originated in the 
neighborhood of this gland. 

The age of our patient corresponds -with the others reported. 
Most of the cases reported are in still-born or newborn infants. Only 
a few are in children several months old. There are only two cases 
on record of teratoma of the neck in adults. The first one is the case 
of Lurje, who found a teratoma of the neck in a 53 year-old woman. 
This tumor showed sarcomatous changes and produced metastasis 
in the lungs. The second case reported by Fritsche, is one of a 
malignant teratoma of the region of the thyroid. These tumors 
correspond histologically with the teratoma of infancy, save for the 
sarcomatous changes. It is interesting that the only two cases of 
teratoma of the neck in adults on record showed malignant changes. 

All the teratoma of this region so far reported were found in the 
white race. This is the first case in which such a tumor is reported 
in a negro. 
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As to the genesis of the teratoma of our case, our study does not 
contribute any definite facts. Without going into details of the 
origin of teratoma, we shall mention only the more recent hypothesis 
of Budde, which best seems to explain the origin of our tumor. Ac- 
cording to Budde, teratomas originate from complexes of cells arising 
from the sjunmetrioilly fusing blastopore, the matrix of the cellular 
material of the three germinal layers. Since the blastopore extends 
through the entire length of the “Anlage,” Budde believes that 
this hj'pothesis serv'es to pro\dde a uniform monogerminal autoch- 
thonous derivation of teratoma of the various regions. According 
to the degree of differentiation he classifies teratomas into embryo- 
morphous and embryoid teratoma. The embryomorphous is the so- 
called inclusio-fetalis which he suggests should be called “inclusio- 
fetiformis.” The embryoid tj-pe is characterized by a disorderly 
arrangement of derivatives of the three germinal layers. 

Our tumor, according to Budde, is an embrj^oid teratoma. 
Askanazy classifies teratomas into embr}’'onal forms with tissues 
which are younger than those of the host, and into coetaneous forms 
in which the tissue is of the same relative age. Our tumor shows 
well differentiated glia fibers, cross-striated muscle fibers, etc. It 
therefore should be classified as coetaneous teratoma. 

SuMilARY 

The literature of teratoma of the neck is reviewed and a new case 
reported. This is a case of a teratoma of the neck in the region of the 
thyroid in a still-born colored female. The main constituent of this 
tumor is brain tissue but derivatives of the three germinal layers are 
present. For the first time groups of cells resembling blood islands 
are described in this tumor. Even though the location suggests the 
thyroid gland as the origin it is more likely that the tumor arose in 
the neighborhood of this gland. The tumor is classified as an em- 
ryoid teratoma according to Budde, and as a coetaneous teratoma 
according to Askanazy. 

Note. I am indebted to Professor H. T. Karsner for his valuable 
suggestions and for his aid in taking the photomicrographs. 
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Plate 63 

Fig. I. Gross appearance of the body and the teratoma. 

Fig. 2. Bone. Hematoxylin-eosin stain, x iiS- 

Fig. 3. Transversely striated muscle. Hematoxylin-eosin stain, x 600, 

Fig. 4. Abrupt transition of two types of epithelial cells. Hematoxylin- 
stain. X 270. 
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Plate 63 






Plate 64 

Fig. 5. Cells resembling ganglion cells. Eosin-methylcnc blue stain, x 765. 

Fig. 6. Groups of cells resembling blood islands. Eosin-mcthylene blue stain. 
X685. 






TIIE ^TiSSEL CANALS IN NORl^IAL AND PATHOLOGICAL BONE* 

Hknry L. Jaffe, M.D. 

{From the Pathological Laboratory, Hospital for Joint Diseases, NciV York, N. F.) 

Blood and lymphatic vessels, if the latter are present in bone, 
extend tlirough the bone substance in canals. The form and ar- 
rangement of these canals changes as the bone is transformed from 
the coarse-fibered, reticular bone of the embryo and infant, to the 
fine-fibered, lamellar bone.^ The transformation in man is completed 
by about the fourth year and Heuler,- studying cross-sections of the 
human humerus and femur, found that by the eleventh year the 
adult form is reached and is maintained from then with little 
change. 

Canals of Fetal Bone 

To trace the origin of the canals of fetal bone, one must go back 
to the earliest stages of membrane and cartilage bone formation. 
On studying tire ossification of the cartilaginous anlage of a tubular 
bone, thin laminae of bone are seen underneath the periosteum sur- 
rounding the middle of the diaphysis. With further development, 
the number and size of the periosteally formed trabeculae'increase. 
The newly formed cortex of periosteal bone grows partly by the 
formation of additional osseous trabeculae on the surface, and partly 
by the enlargement of the trabeculae already formed. Vessels from 
the periosteum grow in between the trabeculae, and run toward 
the marrow cavity. These vessels are directed obliquely longitudi- 
nally and the spaces between the periosteal trabeculae constitute the 
primary haversian spaces, which are the first canals of fetal bone. 
These haversian spaces are rarely circular in cross-section, being 
generally somewhat flattened transversely. They communicate 
with the marrow cavity. The blood vessels contained within these 
canals may be seen extending from the periosteum into the marrow 
cavity (Figs, i and 2), 

In coarse-fibered embryonal and postembryonal bone, the vascu- 
lar spaces in the cortex are rather large. Their size and shape at 
this time vary with the part of the bone examined. In a tubular 

* Received for publication April 4, 1929. 


323 



324 


JAFFE 


bone the spaces of the cortex are larger the nearer they are to the 
epiphyseal cartilage plate, and in the middle of the shaft of the 
diaphysis, the spaces nearer the periosteum are larger (Fig. 3). 

The bone present between these vascular spaces is coarse-fibered 
or primary bone, for a description of which the reader is referred to 
another paper.^ In the course of development, many of these primary 
canals under the periosteum become confluent through resorption 
of their walls and become longer, wider and more irregular. Shortly 
before and after birth, osteoblasts start to deposit lamellae of fine- 
fibered bone on the coarse-fibered walls of some of these spaces, 
which reduces their size considerably. 

In embryo or early infancy, canals are present in the cortex 
which connect the haversian canals with each other and with the 
marrow cavity. Many of these connecting canals have irregular 
walls and therefore have been designated by some authors as Volk- 
mann’s canals. But this designation is incorrect. 

The canals in the epiphyses are not related to the true canals of 
fetal or adult bone but are mentioned for the sake of completeness. 
These cartilage canals carry vessels for the nutrition of the cartilage 
of the epiphyses. They are present in the cartilaginous epiphyses 
of the larger tubular bones by the third month. This is long before 
the appearance of ossification centers in them. By the seventh 
month all the larger epiphyseal cartilages show a rich network of 
cartilage canals. The general arrangement of the cartilage canals 
corresponds in a great degree with the arrangement of the marrow 
spaces of the finished bone that replaces the epiphysis. Most of 
the cartilage canals enter the cartilage nearly vertical to the surface 
and run inward, generally toward the site of the future bone nucleus. 
When the epiphysis is replaced by bone, these canals disappear. 

Canals of Adult Bone 

With the continued postnatal growth of bone and the transforma- 
tion of fetal bone into adult bone, the entire canal system of the 
cortex is reconstructed many times before the adult form is attained. 
In adult bone, the system of canals consists of the haversian canals, 
which are the canals of the haversian systems, the canals of the 
ground lamellae, the communicating canals which connect the haver- 
sian systems, and the Volkmann’s canals, few of which are seen in 
normal bone. 



VESSEL CANALS IN BONE 325 

Haversian Canals: These canals run longitudinally, as a rule, and 
are best studied in the cortex of long bones. They are distinguished 
by the concentric lamellae which surround them. They contain 
the haversian vessels and together with the concentric lamellae, 
form the haversian systems. The larger haversian canals may also 
contain some lymphoid marrow. They may be grossly demonstrated 
by breaking across the shaft of a long bone near its middle, and ex- 
amining it with a magnifying glass. Numerous little apertures are 
then visible on the broken surface, which are the openings of these 
passages running in the compacta (Fig. 4). In man the canals are 
from 25 to 125 microns in diameter, but larger ones are also seen. 
The average size is about 50 microns. In normal bone the widest 
canals are those nearest the medullary cavity. The diameter of 
these canals is less in the rat, guinea pig, rabbit and dog than in 
man. 

While these canals run longitudinally, they do not run vertically 
for more than short distances, soon deviating from the straight line. 
The canals, as seen in a longitudinal section or ground disc of the 
cortex, appear as a continuous anastomosing and ramifying net- 
work. These canals may extend for one or more millimeters before 
giving off lateral branches, which may come off almost at right 
angles, obliquely, or may arch to communicate with an adjacent 
haversian canal. Sometimes one lateral canal is given off, while at 
other times several closely placed lateral canals come off from the 
haversian canal. Between two main lateral branches the diameter 
of the haversian canal is usually uniform, but after giving off a 
lateral branch, the diameter may be reduced or increased. The 
haversian canal may run from a few millimeters to a centimeter or 
more and then terminate by communicating with an adjacent 
haversian canal, or it may end in the form of a communicating 
canal (Fig. 5). The communicating canals between the haversian 
canals have been wrongly referred to by many as Volkmann’s canals. 
With a few exceptions, these canals are to be viewed as true branches 
of the haversian canals, and as such they have been formed by the 
deposition of lamellar bone about preformed vessels which are 
branches of the vessels within the haversian canals. The lamellae 
of the communicating canals are generally rounded upwards against 
the vessel or, turning upward, accompany the vessel within the com- 
municating canal for a short distance as its special lamellae (Fig. 6). 
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In normal bone there are a few communicating canals of the type 
described by Volkmann. These canals will be discussed later. 

The haversian canals of the compacta become fewer as we proceed 
towards the extremities of a tubular bone. Beneath the articular 
cartilage at the upper or lower end of a bone, a longitudinal section 
discloses a number of haversian canals in cross-section, which means 
that in this region the canals have changed their direction and run 
transversely to the long diameter of the bone. 

The haversian canals near the surface of the bone communicate 
with the canals of the ground lamellae which open on the external 
surface of the bone, and the innermost canals lead into the medullary 
cavity. In longitudinal sections of bone we have been unable to find 
more than an occasional haversian canal from the cortex entering 
the spongy trabeculae. 

Some of the larger spongy trabeculae contain haversian canals. 
A longitudinal section through spongy bone illustrates that most of 
these canals run transversely to the long axis of the bone. These 
canals of the spongy trabeculae connect with the marrow spaces by 
means of short, narrow communicating canals, which are cut through 
their long axis in a longitudinal section of the bone (Fig. 7). 

Canals of the Ground Lamellae: The canals in the ground lamdlae 
vary strikingly, depending upon the bone examined. In certain 
bones, the inner and outer ground lamellae are very few in number 
and therefore few canals are present. In animals like the rat and 
guinea pig, where the ground lamellae are developed to a great 
degree, a relatively large number of such canals is seen. The canals 
of the external ground lamellae, when present, are a means of con- 
necting the haversian canals with the periosteal vessels, and the 
vessels of the internal ground lamellae connect the haversian vessels 
with the marrow cavity. The canals in the ground lamellae are of 
two kinds, running either circumferentially or radially across the 
ground lamellae. These canals are not surrounded by concentric 
lamellae and they are not very long. Their walls are fairly smooth. 

Those canals that run circumferentially are spaces produced by 
the separation of two ground lamellae. They are narrow, and small 
vessels are inserted in them. The ground lamellae bordering the 
canal, without changing their direction, carry the vessel along be- 
tween them, expanding to conform with the changes in the caliber 
of the vessel. These are the less important canals. In resorptive 
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processes in bone they become prominent. I believe that these 
canals are formed by flattening down of the original haversian spaces 
on the surface of the bone and the deposition of additional periosteal 
ground lamellae on them (Fig. S). 

The canals of the other type cross the ground lamellae radially. 
They appear to be perforating the ground lamellae, but actually 
they do not, for the ground lamellae were deposited about them. 
Their length depends on the thickness of the ground lamellae, which 
varies in species and in individual bones (Fig. 9). 

Schwalbe,® when he described the canals of the ground lamellae, 
believed that they were Volkmann’s canals and in the textbooks 
of histology they are designated as such, but this designation is 
incorrect. These canals communicate with the haversian canals, 
some open on the surface of the bone and some into the marrow 
cavity. 

The canals of the ground lamellae may be obliterated by the 
deposition of bone around them, as takes place particularly in those 
that run circumferentially. The lumen may be enlarged by resorp- 
tion, in which case lamellae are deposited around the vessel and a 
typical haversian canal and typical haversian system may then be 
formed. 

Volkmunn’s Canals: Volkmann •* in 1862 described numerous 
vessel canals in the cortex of diseased bone, which differed from 
normal haversian canals in size, arrangement and vessel content. 
The number of these canals varied from a few to many, depending 
upon the bone. These canals had irregular toothed borders, were 
narrow, but of varying caliber. They were not surrounded by con- 
centric lamellae, but broke through the lamellae surrounding the 
existing blood vessels. Their course was irregular, being generally 
horizontal but sometimes diagonal or longitudinal, and sometimes 
they extended snake-like through the entire thickness of the cortex. 
These canals have come to be known as Volkmann’s canals. 

Under the name of haversian spaces, Tomes and De Morgan ® in 
1853 described the same structures in normal bone, the descriptions 
being almost exactly like those of Volkmann. After Volkmann ’s 
original paper, he and Ebner ^ noted the presence of such canals in 
normal bone. Volkmann first described these canals in a case of 
osteomyelitis of a metatarsal bone of an old man. The haversian 
canals of the bone were considerably widened, appearing like irregu- 
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lar marrow spaces, and contained enlarged vessels and considerable 
connective tissue. Connecting the enlarged haversian canals were 
numerous newly formed Volkmann’s canals, which traversed the 
compacta in tangential and radial direction. 

We studied these canals in osteoporosis and osteomyelitis. In its 
earliest form, a Volkmann canal appears as a short, irregular, fine 
crack in the ground substance, radiating from the haversian canal, 
and several of them may be seen coming off from one haversian 
canal. The appearance of the thread-like cracks in the ground 
substance is associated with the loss of calcium along the path of the 
crack. The crack rapidly enlarges and grows in length, and gradu- 
ally increases in width, beginning at the base which is at the haver- 
sian canal. An elongated, triangular passage is thus produced. The 
borders of the canal at this stage are irregular and toothed, and the 
canal becomes vascularized, but the vessel is preceded, as Pommer ’’ 
pointed out, by some connective tissue, which seems to play a part 
in opening the crack. As the Volkmann canal grows wider, the 
toothed contour recedes, and spaces approximately as wide as a 
normal haversian canal appear (Figs, lo, ii and 12). 

The distinguishing difference between a haversian and a Volkmann 
canal is that the former results from a concentric deposition of bone 
lamellae about a preexisting blood vessel; the latter results from a 
canalization of fully formed bone by new vessels which break through 
the existing lamellae tangentially, obliquely, or at right angles to 
the long axis of the bone. 

Soon after Volkmann’s descriptions appeared, these canals were 
observed by other pathologic-anatomists, and controversies arose 
concerning their mode of origin. Volkmann believed that they re- 
sulted from the disintegration of the bone ground substance and 
that bone lacunae and canaliculi rarely played a part in their pro- 
duction. Occasionally lacunae might be seen opening on a canal, but 
this happened only when a lacuna lay in its path. 

Rindfleisch ® derived Volkmann’s canals from the anastomoses 
of enlarged bone lacunae and his conclusions were sustained by 
Soloweitschik,® Lessen,^® and Thierfelder.^’^ Kassowitz and Heitz- 
man believed that they resulted from enlargement of canaliculi. 
These views of the origin of the canals have been abandoned. 

In 1885 Pommer observed these canals in osteomalacic and ra- 
chitic bones and interpreted true Volkmann’s canals as due to the 
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perforation of formed bone by protoplasmic masses, containing a few 
nuclei, which grow into the bone from the haversian canal and re- 
sorb it. The canal is finally occupied by a blood vessel. Pommer at 
that time agreed with Volkmann and Ebner that all such canals are 
newly formed canals, but his explanation of the method of their 
formation was his own. Recently Pommer^'’ and his student, 
Muller, again emphasized the distinctions which Pommer had 
previously made between true and false Yolkmann’s canals. They 
consider a canal a true Volkmann canal if a new vascular channel, 
having a funnel-like head and containing a protoplasmic mass, 
grows through fully formed bone. Unless a canal shows these last 
two qualities, it is not a true Volkmann or perforating canal, even if 
its course is irregular and its borders are toothed. They state that 
most of the canals in bone designated as Volkmann canals, are false 
Volkmann canals, that is, they are not secondarily formed canals 
in bone. 

Confusioji in ihc Liter alurc Concerning Volkmann’ s Canals: It 
would not be necessary to discuss these canals in such detail if the 
literature were not so confused as to which canals in normal lamellar 
bone are Volkmann’s canals, and as to how these canals are formed. 
The question also arises as to w^hether certain canals in fetal bone, 
designated as Volkmann’s canals, should be included under this 
group, since the original descriptions concerned lamellar bone only. 

Let us inquire into the existence of such canals in mature normal 
lamellar bone. Soon after Volkmann’s paper appeared, Schwalbe 
described the canals of the ground lamellae, and misnamed them 
Volkmann’s canals. As has been stated, he considered these canals 
as resulting from the deposition of bone around preexisting vessels. 
Koelliker agreed with Schwalbe concerning the mode of origin of 
these canals and also designated them as Volkmann’s or perforating 
canals. In textbooks of histology, the cross canals of the ground 
lamellae are incorrectly called Volkmann’s canals, and Schwalbe and 
Koelliker are responsible for this erroneous terminology. These 
canals have none of the characteristics of those which Volkmann 
described, and which bear his name. 

In 1911 Axhausen^'^ published a paper dealing with the Volk- 
mann’s canals but he studied only the anastomoses which connect 
the haversian canals of the middle compacta. These canals run 
transversely or diagonally to the long axis of the haversian canals. 
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According to him these canals arise by the deposition of bone around 
preexisting vessels during bone formation, and generally the only 
difference between them and haversian canals, is that bone is de- 
posited around the haversian canals concentrically. He believed 
that these communicating canals were Volkmann’s canals. He 
described three t3^es of canals. In the first t3rpe the canals have 
ragged bone edges. In the second type, the lamellae, as they are 
deposited about the preformed vessels, are rounded upward against 
the vessel. In the third type a few of the lamellae, turning upward, 
accompany the vessels a certain distance, as their special lamellae. 
Under the heading of haversian canals, I described these communi- 
cating canals and pointed out that Types 2 and 3 were an intimate 
part of the haversian canal system. These communicating canals 
cannot be termed Volkmann canals. Only the canals of Type i 
are true Volkmann canals. Weidenreich,^® too, believes that only 
the canals of T3^e i result from resorption of bone by new-formed 
vessels. If this were not so, lamellae would have been deposited 
about the vessels of T3rpe 1 as they were around the vessels of 
Types 2 and 3. 

Recently Zawisch-Ossenitz,^®, working under Schaffer, studied the 
formation of the communicating canals mostly in fetal bone, and 
the bones of infants up to two years, but also in some bones of adults. 
Irrespective of the type of bone, she says that a vessel canal must 
be regarded as a Volkmann canal when its course is vertical or 
diagonal to the direction of the lamellae, and when its borders are 
jagged, with bone lacunae opening on them. Pommer claims that 
the fetal and postnatal material which she used was not suitable to 
prove conclusively that all Volkmann canals are due to a vasculari- 
zation of the bone by new vessels. In her material new vasculariza- 
tion was constantly taking place, and everyone agrees that in such 
bone, new vessels are constantly perforating the bone. The canals 
she described in fetal bone cannot be designated Volkmann’s canals, 
for the latter were described in lamellar bone only. 

What Should he Included in the Term Volkmann Canals? Volk- 
mann originally reported on the formation of numerous new vessel 
canals in bone in cases of inflammatory osteoporosis, caries and ostei- 
tis, and the presence of a few such canals in normal bone. If the 
term Volkmann canal is used exclusively to designate the structure 
described by him, then his original conception, that the canals 
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result from the canalization of adult bone by newly formed vessels, 
is correct. As soon as we use the term to designate such canals as 
Schwalbe described in ground lamellae, or Axhausen in the middle 
portion of the compacta, or Schaffer and his co-workers in fetal bone 
and the bone of the newborn, we are applying the same name to dif- 
ferent structures. In normal bone the canals (other than the haver- 
sian canals and the canals of the ground lamellae) which have re- 
sulted from the deposition of bone around preformed vessels, and thus 
are surrounded by lamellae, should be termed communicating vessel 
canals. These include most of the canals which join the haversian 
canals. This type predominates. The canals which have resulted 
from the resorption of formed bone by newly formed vessels, exem- 
plified by those which have ragged borders and no lamellae, are the 
only canals which correspond with those originally described by 
Volkmann, and may be called Volkmann’s canals. In normal 
lamellar bone they are very few in number. 
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DESCRIPTION OF PLATES 
Plate 65 

Fig. I. Part of a longitudinal section of the diaphysis of the tibia of a 3-month 
human fetus. On the right the periosteum is seen, underneath which are 
several periosteal trabeculae. Between tw'o trabeculae, an obliquely longi- 
tudinal haversian space containing a vessel is seen e.xtending from the peri- 
osteum to the marrow cavity. Paraffin section, decalcified in Muller’s 
solution and stained with eosin and methylene blue. 

Fig. 2. A cross-section through the upper end of the diaphysis of a 6-month 
human fetus showing the flattened character of the haversian spaces in 
cross-section. Paraffin section, decalcified in 5 per cent nitric acid and 
stained with hematoxylin and eosin. 

Fig. 3. Part of a cross-section of the diaphysis of a long bone of a 12-week 
infant, showing the periosteum above, %vith the subjacent large haversian 
spaces and the deeper haversian canals, some of which are already sur- 
rounded by a few concentric lamellae. Unstained frozen section decalcified 
in von Ebner’s solution. 

Fig. 4. Diagrammatic representation of a longitudinal view of a bone, showing 
both compacta and spongiosa. The cortex on the right shows the outer 
ground lamellae, with some Sharpey fibers penetrating them. The haver- 
sian systems are illustrated and the longitudinally directed haversian canals 
connected by the communicating canals are shown. After Braus. 




















Plate 66 


Fig. 5. A longitudinal section of cortical bone showing the anastomosing and 
branching haversian canals. The communicating canals between the haver- 
sian canals arc demonstrated. Unstained ground disc. 

Fig. 6. Part of a cross-section of the cortex showing the haversian canals, and 
in the upper portion of the picture an haversian canal anastomosing with 
two adjacent haversian canals by means of two communicating canals. 
Unstained ground disc mounted in balsam. 

Fig. 7. Thick, spongy trabeculae from a longitudinal section of a short tubular 
bone of an adult, showing some haversian canals in cross-section. The 
canals that connect them with the marrow spaces are cut through their 
longitudinal diameter. 

Fig. S. Section of cortex of a long bone of a dog showing a circumferential 
canal on the right in the ground lamellae, which is very much widened be- 
cause the animal was suffering from osteoporosis. On the left, the liaversian 
systems are seen. Unstained frozen section. 














Plate 67 

Fig. q. a cross-section through the tibia of a rat. The compacta is composed 
almost entirely of ground lamellae and numerous radially directed canals 
of the ground lamellae are seen. Above, one canal is seen entering from 
the periosteum. 

Fig. ic. Cross-section of human adult cortical bone from a case of osteomye- 
litis, showing enlarged haversian canals from one of which sev’^cral trans- 
verse, newty formed, perforating canals of Volkmann arc seen, some of 
which join other haversian canals. Unstained frozen section. 

Fig. II. Cross-section of the tibia of a dog suffering from osteoporosis. .A 
toothed Volkmann canal is seen connecting two enlarged haversian canals. 
Unstained frozen section. 

Fig. 12. Cross-section of the cortex of human bone from a case of osteomye- 
litis showing enlarged haversian canals. Two communicating canals are 
seen in the middle of the picture with the lamellae rounded up against 
them. They correspond to the canals of Types 2 and 3 as described by 
Axhausen. Unstained frozen section. 
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ELECTRIC SHOCK* 

H. E. MacMahon, M.D. 

{From the Pathological Laboratory of the Boston City Hospital, Boston, Mass.) 

The English, American, German, and French literature contains 
many isolated reports and abstracts of accidents caused by elec- 
tricity. Great emphasis is placed on the bizarre effects and playful 
vagaries of electrical current, less is said about treatment and least 
about prevention. 

Literature 

No attempt will be made to give a complete review of the litera- 
ture dealing with electric shock; that is already voluminous and has 
been clearly described in a recent paper by Jaffe,^ who in addition 
gives an excellent bibliography. 

The macroscopic and microscopic observations on the nervous 
system in death from electric shock vary greatly. Some authors 
found no changes, others, lesions only when large amounts of elec- 
tricity passed through the body for a long period of time. Some 
described small perivascular hemorrhages especially in the medulla 
oblongata and floor of the fourth ventricle, while others reported 
marked edema of the brain. 

Spitzka 2 in his study of the brain of electrocuted animals found 
no apparent change in the nerve cells, but described areas of dis- 
ruption and destruction with capillary hemorrhages. In the pons, 
medulla and cord curious circular areas were encountered with rare- 
fied centers and peripheral zones of condensation, which he suggested 
resulted from the electrolytic liberation of gas in perivascular spaces. 

* ^ded by a grant from the Electric Shock Committee. 

Received for publication May 13, 1929. 
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Werner ^ in his article dealing with electrocution as a judicial homi- 
cidal agent described the brain at autopsy as being very hot and 
recorded a temperature in the brain of 145° F. Jaffe feels that this 
excessive heat offers a sufficient explanation for the vacuolization 
seen within the brain. 

Corradi^ found chromatolysis of ganglion cells in the nervous 
system of dogs killed by electricity. Mott and Schuster/ in addition 
to perivascular hemorrhages and chromatolysis of ganglion cells in 
cortex and medulla, described a peculiar intracellular and intra- 
nuclear network. Capogrossi ® also observed marked variation and 
destruction of the Nissl bodies. Kawamura’^ described shrinkage 
and hyaline changes in the nerve cells, and fragmentation of the 
tigroid bddies within the medulla. Gubler ® reported a vacuolization 
of the nerve cells and Jellinek ^ destruction of the cells wth extrusion 
of the nuclei. 

The histologic changes in the peripheral nerves have been studied 
by Bolognesi^® and Pietrusky;^^ the former found swelling and 
twisting of the axones, and breaking do\vn of the nerve sheaths, 
while Pietrusky described a fusing together of the nuclei of the 
sheaths of Schwann. 

Report oe Experimental Work 

A rather small series of animals, namely, one dog and one cat, and 
twenty guinea pigs, were used in the study of the histologic changes 
following electrocution. 

These animals were divided into two groups; Group I including 
the dog and the cat, in which death followed immediately after a 
single shock, and Group II comprising the guinea pigs in which one 
to three sublethal shocks were given daily over varying periods of 
time. Of this second group the first animal was shocked on one day 
only, the second was shocked for two successive days, the third for 
three days and so on; the animal receiving the greatest number of 
shocks was shocked every day for nine successive days. Besides 
varying the number of shocks for each animal, the interval of time 
that elapsed after the shocking and before the animals were killed 
and autopsied was also yaried; and this ranged from eighteen hours 
to fourteen days. 

The guinea pig was selected because it is a fairly rehable labora- 
tory animal and especially because it is small. When a large animal 
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is severely shocked the heart stops during the period the current is 
being applied and then goes into ventricular fibrillation, but seldom, 
if ever, recovers. The guinea pig heart behaves in much the same 
manner but if the shock has not been too prolonged the heart re- 
covers its normal rhythm and the animal lives. Briefly, it is con- 
sidered that the impulse or impulses that are traveling through the 
myocardium while the ventricle is fibrillating have relatively fewer 
excitable muscle groups to stimulate in a smaller heart, and con- 
sequently fibrillation is of shorter duration and recovery therefore 
more probable. 

In shocking the guinea pigs the current from a six volt battery 
was passed through a small induction coil, and the strength of the 
induced current was varied by adjusting the central core. Tissue 
from a human came to us from a case of legal electrocution, while 
the dog and cat were obtained immediately after death following 
electrocution by the Animal Rescue League, and in this case a cur- 
rent of no volts was used. 

The electrodes that were applied to the guinea pigs were two bared 
wires; one was passed through and across the mouth, the other was 
applied to one leg moistened wth saline. The Animal Rescue League 
used a specially built copper cage and collar. In either case excellent 
contacts were obtained. 

Preliminary to shocking the animals sufficient ether was given to 
quiet them and to permit fastening of the electrodes. Two of four 
control animals were given ether by inhalation in much larger 
amounts than the test animals and over a longer period of time. 

As soon as the current was passed through the body there was a 
general contraction of all the muscles, sometimes accompanied by 
a shriek, and the animal maintained this rigid tonic state as long as 
the current was applied. The recovery after the shock varied; when 
the shock was of short duration and not severe, recovery was nearly 
instantaneous. On the other hand, with more prolonged shocking 
and with a stronger current, or in animals which had been shocked 
on several occasions, the recovery was slower, the animals appeared 
weaker, tremulous and had difficulty in supporting themselves. In 
several cases they completely relaxed for several minutes, seemed 
stuporous and assumed unusual catatonic positions. For hours after 
the shock many of the animals were unusually nervous and excitable, 
and in two cases they refused ordinary diet but chewed paper con- 
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tinually for hours and hours. When a fatal shock was given, the 
animals remained rigid for several seconds after the current was re- 
moved, then slowly passed into complete relaxation. 

The current probably plays its greatest part in striking the central 
nervous system and the many altered physiologic signs which be- 
come manifest in the different systems appear to be simply visible 
expressions of extreme stimulation or marked alteration within the 
central nervous system. 

While the current is passing through the body the animal is rigid, 
the heart stops beating and respirations cease; and eversion of the 
anus, defecation, micturition and emission occur almost regularly. 
Occasionally the animals vomit at the onset, and in two there was a 
prolapse of the rectum which returned as soon as the current was 
removed. Certain deranged physiologic signs that appear in the 
nervous system, the heart and blood vessels and in the respiratory 
system are unusually interesting and bear a more detailed descrip- 
tion. Furthermore, to determine whether defecation, micturition, 
emission and prolapse of the rectum were merely passive reactions 
secondary to contraction of the abdominal muscles, or result from 
the stimulation and response of those viscera independently, we re- 
peated the experiments in another group of guinea pigs with the 
abdominal cavity opened and with still another group in which the 
animals had received atropine. 

The Immediate Response of the Heaet to Electric Shock 

The heart was examined in each test by auscultation before and 
immediately after the current was applied, but during the period of 
shock the sounds of contracting skeletal muscle were so loud it was 
impossible to follow the cardiac sounds, and consequently it was 
necessary to observe the heart’s action directly. 

With the animal lightly under ether and with the heart exposed, 
an electric shock of five seconds duration was given in the usual 
manner. As soon as the current was applied the heart contracted 
strongly and remained in systole except for two to three irregular 
beats which probably represent vagus escape. During the entire 
period of shock and for two to three seconds after, the ventricles 
showed an almost invisible and constant tremor. This was followed 
by a definite fibrillation of the ventricles which lasted three to five 
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seconds and this in turn was succeeded by irregular rather forceful 
contractions which continued for nearly ten seconds. The rhythm 
eventually became more regular but the rate was slower. Tliis slow- 
ing of the heart was seen only in the animals whose hearts had been 
exposed, whereas in the unoperated animal which recovered after 
the shock the heart rate was temporarily greatly increased. 

This simple experiment was of interest because we were able to 
follow the heart simultaneously and by auscultation which enabled 
us to interpret more clearly the irregularities noted in the animals 
from day to day. 

The Immediate Response of the Heart to Electric Shock 
AFTER Blocking the Vagus with Atropine 

In each of these experiments to j|o gr. of atropine dissolved in 
5 cc. of sterile water was slowly injected into the leg veins of large 
healthy guinea pigs. With the animals lightly under ether, they re- 
mained sufficiently quiet to permit constant auscultation of the 
heart. After about ten to j&fteen minutes the heart rate had nearly 
doubled but retained its normal regularity. 

In the first of these experiments the heart was not exposed, so we 
could not foUow the beats while the current was passing through the 
body, but when the current was shut off there was no pause or ir- 
regularity and the heart continued its rapid but regular course. 

When the heart was exposed and the same experiment repeated, 
we watched the heart continue beating while the current was passing 
through the body and we observed no change in rate; neither was 
there a pause nor irregularity after the current ceased. This was 
important for it showed that when the vagus was blocked with 
atropine, an electric shock, winch in a control animal was sufficient 
to stop the heart, produce ventricular fibrillation, irregularity and 
acceleration, effected no appreciable response in either rate or 
rhythm. 

The Delayed Response of the Heart following 
Repeated Shocks 

In the course of the experiments it was observed that there was a 
definite change in the heart which became more marked with each 
additional shock. When the animal was first shocked it usually made 
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a good recovery and in a minute or two appeared quite normal, but 
after shocking an animal for several days less current was required 
to produce the same effect and the recovery was much slower. In 
such a case the cardiac irregularity was more easily induced and the 
irregularity and acceleration lasted several times longer than that 
following the shocking of a normal animal. Furthermore, great 
caution had to be exercised in shocking animals that had been 
shocked previously on several occasions lest they suddenly die. 
Three examples from our series will make this point clearer. One 
of the guinea pigs died on the fifth day immediately after five shocks; 
another on the sixth immediately after six shocks. The third, ap- 
parently quite well and with a normal cardiac rate and rhythm, had 
been given seven daily shocks. The heart of the latter pig was being 
examined preliminary to the eighth shock when the animal exerted 
a little effort and suddenly died. In the case of the first two we had 
used less current and for a shorter period than on the preceding day. 
The manner of death in all three cases was the same. After the 
heart first stopped the cardiac sounds were never again audible ex- 
cept for three or four irregular and indistinct beats. The animals 
lay completely relaxed while the respirations continued for two to 
three minutes in a slow irregular gasping manner. 

These observations indicate that as a result of electric shocks there 
is a profound disturbance in the cardiac mechanism which may be 
largely obscured by the presence of a normal rate and rhythm. 

The Response oe the Blood Vessels to Shock 

There was a change in the peripheral blood vessels following shock 
which if duplicated by the blood vessels of the central nervous sys- 
tem might have some consequent bearing on the lesions that later 
appear in the nerve tissue. By placing the ear of a guinea pig before 
a light the smaller vessels stood out quite clearly, and these were 
moderately accentuated if the ear was lightly rubbed. During the 
shock no apparent phange was seen in this rich vascular network, 
but, about thirty seconds after the current was withdrawn, there 
was a gradual constriction of the vessels and the ear became ab- 
normally blanched and remained anemic for five to ten minutes. 
The delayed vasoconstriction resulting from sympathetic stimula- 
tion simulates the vascular phenomenon in the condition clinically 
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spoken of as “surgical shock,” and in itself would be sufficient to 
produce a moderate degree of ischemia with resulting oxygen defi- 
ciency in the areas involved. 

The Response of the Abdominal Viscera to Shock 

We have previously mentioned the observations seen in the nor- 
mal animal which has neither been operated upon nor received atro- 
pine, namely, defecation, micturition and emission and occasionally 
prolapse of the rectum and vomiting. VTien the current was ap- 
plied after the peritoneal cavity had been widely opened to remove 
the factor of contracting skeletal muscle, we were able to observe the 
contracting seminal vesicles with the resulting emission, and a slow 
feeble contraction of the bladder and intestines, although in the 
latter there was no apparent change in the peristaltic movements. 

The pressure within the peritoneal cavity was greatly increased 
during shock as a result of the contraction of the diaphragm and 
skeletal muscles; this was well demonstrated when only a small 
opening was made in the anterior abdominal wall preliminary to an 
electric shock. As soon as the shock was applied the intestines were 
forced through the opening. 

When the unoperated animal was previously given atropine and 
then shocked, there was neither defecation, micturition nor emission, 
even though the abdominal muscles contracted in their usual man- 
ner. Similarly, when the peritoneal cavity was opened we observed 
no variation in peristalsis, in the seminal vesicles or in the bladder. 

From these observations in the normal animal, the animal with 
the peritoneal cavity opened and the animal who had previously 
received atropine, it would appear that the response of the abdominal 
viscera was due to the combined effect of contracting skeletal 
muscle and contraction of the individual viscera themselves. 

The Response of the Respiratory Center to Shock 

The onset of the shock was accompanied by a deep inspiration, 
with a powerful contraction of the intercostal muscles and dia- 
phragm. This state was maintained throughout the entire period of 
shock and respiratory movements did not return for several seconds 

afterwards when they were shallow, irregular and rather difficult to 
follow. 
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Physiologic Changes in the Neuroiiuscular System 

Probably these were the most interesting of all the varied effects 
which we observed. We have touched briefly on the rather unusual 
nervous manifestations, namely, the excitability, nervousness and 
stupor, and have suggested that the responses seen in the other sys- 
tems are in reality simply indirect manifestations of an altered 
nervous system. Now in addition to these there were three out- 
standing changes which belong specifically to the neuromuscular 
system alone, namely, weakness, paralysis of the posterior extrem- 
ities and diminished sensation. 

The weakness was usually not seen until after the third or fourth 
daily shock. The animal became less active, did not move about as 
quickly, appeared wobbly after a shock, and had difficulty in holding 
himself up. 

Paralysis of both posterior extremities occurred in more than half 
of the test animals and usually in those who seemed rather feeble. 
In some cases it came on immediately after the shock; in one it ap- 
peared at once, lasted a half hour and disappeared, but again reap- 
peared in twelve hours. Others did not become paralyzed till 
twenty-four to forty-eight hours had elapsed since their last shock. 
The paralyzed animals were watched and killed at varying intervals. 
One that lived fourteen days after the onset of paralysis began to 
regain some strength and motion in the paralyzed legs. When 
paralyzed the animals drag their hind feet about and appear to have 
no control of the bladder or anal sphincters. 

If the paralyzed legs were lightly stimulated by touch, pressure, 
pain or heat there was no visible response. A strong electrical stim- 
ulation elicited a contraction of the muscles of the body but the 
normal reflex arc of the paralyzed legs had been interrupted because 
the leg muscles showed no response. 

The left leg was always used in applying the lower electrode, and 
even after the first shock the animal would move this less than the 
other, sometimes dragging it along as though paralyzed. This we 
attributed to a protective mechanism to relieve the muscular pain. 

We shall not attempt at this point to consider the possible patho- 
logic conditions that might account for these neurologic findings as 
these will be discussed after the gross and microscopic lesions have 
been described. We have merely enumerated our observations to 
show the important role the nervous system plays in electrocution. 
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Summary of Physiologic Observations 

These manifestations in normal animals, animals that had received 
atropine, and others \vitli the heart and abdominal and pelvic viscera 
exposed, are simply expressions of the central nervous system in- 
cluding the craniosacral and sympatiietic divisions, and may largely 
be interpreted on the basis of pathologic histology. 

Now it is generally assumed that there are no constant demon- 
strable histologic lesions in the central nervous system of animals 
following a single fatal shock in which death is instantaneous. The 
microscopic study of material from cases of sudden death offers 
many other examples in which one finds no demonstrable lesions. 
The classic example is the case of chloroform poisoning; the animal 
that is killed with a single large dose of chloroform shows no gross 
or microscopic lesions in the liver, but when an animal receives one 
or more sublethal doses and is allowed to live twenty-four hours or 
longer, the degeneration, necrosis and hemorrhage in the centers of 
the liver lobules are startling. 

This principle of giving sublethal amounts of electricity, grading 
the amounts and allowing the animal to live a sufficient time to 
permit histologic changes to appear was the method that was fol- 
lowed in this short series of experiments. 

Pathologic Report 

Complete autopsies were performed on all animals immediately 
after death. The only positive and constant gross finding in the 
animals that were given a single fatal shock was marked congestion 
of the lungs, liver, kidneys, spleen and heart. In the guinea pigs this 
finding was absent because the animals were bled at the time of 
death to insure better fixation of the tissues. Hemorrhages were 
frequently seen in the psoas, iliacus and gluteal muscles, and were 
usually bilateral. The meninges were injected, and two of the ani- 
mals had petechial hemorrhages in meninges of both brain and cord. 
The spinal cord of a normal guinea pig that is autopsied immediately 
after death is pale, firm and homogeneous throughout. In almost 
every test animal there were portions of the cord that were distinctly 
swollen, soft and almost diffluent. 

The gross findings in one animal must be described separately be- 
cause this pig had been given only two shocks. Paralysis suddenly 
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appeared after the second shock and the animal died in eighteen 
hours. On examination, hemorrhages were found in the psoas and 
iliacus muscles, along the anterior surface of the vertebral column, 
in the erector spinal group of muscles, subdurally along the entire 
length of the cord, within the cord and also in the brain in the region 
of the right basal ganglia. This animal, which was the smallest 
animal we used in the tests, had a definite fracture of the second 
thoracic vertebra. This gives one an idea of the power of contracting 
skeletal muscle. 

Sections were taken from most of the organs, namely, the heart, 
lungs, spleen, liver, pancreas, kidney, adrenal, testis, bladder, in- 
testine and skeletal muscle; and of the nervous system from the eye, 
the cerebrum, cerebellum, pons, medulla, different levels of the cord, 
pituitary, posterior root ganglia and peripheral nerves. 

The tissue, apart from the nervous system, was fixed only in 
Zenker’s solution, neutral formalin and alcohol-formalin and was 
embedded in celloidin and paraffin. In addition to using the above- 
named fixatives, sections of the nervous system were also placed in 
Cajal’s formalin-ammonium-bromide solution, Mueller’s fluid, and 
a saturated solution of corrosive sublimate. 

In staining the tissues other than those from the nervous system 
we used hematoxylin and eosin, eosin and methylene blue, Mallory’s 
phospho tungstic acid hematoxylin, Mallory’s aniline blue collagen 
stain, Sudan IV, and osmic acid with and without preliminary treat- 
ment with a weak solution of potassium bichromate. For the nerv- 
ous system we employed hematoxylin and eosin, eosin and methy- 
lene blue, Mallory’s phosphotungstic acid hematoxylin, osmic acid, 
Sudan IV, Marchi’s method for degenerating myelin, Cajal’s gold 
chloride sublimate method for neuroglia astrocytes and Penfield’s 
second modification of the del Rlo-Hortega silver carbonate method 
for oligodendroglia. 


Microscopic Report 

The pathological histology in the tissues other than the nervous 
system is disappointing. There is congestion of the heart, spleen, 
kidneys and adrenals, congestion at the periphery of the lobules of 
the liver and congestion and petechial hemorrhages in the lungs. 
The lesions in the skeletal muscles that grossly showed hemorrhages 
and pigmentation are slight and vary with age. Scattered muscle 
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fibers are ruptured, the free ends are separated and for a short 
distance they are contracted, wrinkled, swollen, and homogeneous. 
Surrounding these lesions extravasated red blood cells lie free in the 
reticulum. After twenty-four hours polymorphonuclear and endo- 
thelial leucocytes are seen within the degenerating and necrotic 
portions of the muscle fibers, lying free in the stroma, and also in the 
perivascular tissue. In the later stages after removal of the necrotic 
portion of muscle fibers, regeneration of muscle occurs, showing the 
typical multinucleate syncytium resulting from the multiplication 
of muscle nuclei by direct division and the formation of new cyto- 
plasm. Some areas show degeneration and regeneration occurring 
simultaneously. 

No constant lesion is present in the heart. The amount of fat in 
the myocardium of both the “test” and “control” pigs is extremely 
slight and shows little variation. With Sudan IV an occasional 
muscle fiber is shown to contain minute fat droplets, but this finding 
is as common in the “control” as in the “test” animals. 

The petechial hemorrhages and the capillary injection of the pia 
arachnoid are verified microscopically and also the hemorrhage ex- 
tending along the posterior column of the cord of the animal whose 
vertebral column was broken. 

The histologic study of the central nervous system of the animals 
which received a single fatal shock reveals no constant changes other 
than capillary injection and occasional petechial hemorrhages. 

In the guinea pigs we find definite lesions that vary somewhat in 
the different animals, depending largely on the severity of the shocks, 
the number of shocks and the duration of time that elapsed before 
death. The lesions are best studied in the cord and peripheral nerves 
including the medullated nerves to the diaphragm and heart, but are 
also seen within the medulla, in the tracts leading from the pons to 
the cerebellum and also in the lower portion of the internal capsule. 
It is the white matter of the cord that is most seriously affected, and 
in the majority of animals the lesion is greatest in the posterior 
columns. In some it is more generally distributed throughout all the 
tracts, in others it seems to affect the fibers l3dng nearest to the gray 
matter, while in still others the lesion is distinctly peripheral. In the 
nerves only scattered fibers are affected. 

The earliest change consists in a swelling of both the axis cylinders 
and myelin. The axis cylinder is enlarged to several times its normal 
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diameter. In some areas it is disintegrating and in others it has dis- 
appeared. The myelin distends its sheath and in the ordinary 
hematoxylin and eosin preparation has an irregular bluish mucoid 
appearance. As this swelling progresses the myelin gradually be- 
comes paler till finally it disappears leaving vacuole-like spaces 
among the fibers. 

The picture within the cord differs considerably depending on 
whether it is viewed from a cross-section or a longitudinal section. 
In the former the gray matter may show little or no change, whereas 
the surrounding fiber tracts which comprise the white matter may 
be riddled with different sized vacuoles. The axis cylinders are not 
present in some of the larger vacuoles, while in others they are large, 
irregular and eccentric; even in the comparatively normal areas they 
are much less uniform in size and contour than one normally finds 
them. In the longitudinal section the cord has the most bizarre ap- 
pearance. Axones may be followed only for short distances; they are 
irregularly swollen and tortuous and appear to taper off at the ends 
as though disrupted. Myelin, in the later stages, has disappeared 
leaving irregular vacuoles and long spaces around and among the 
swollen axones. 

In the more advanced lesion where the process has progressed 
farther, there are foci of marked myelin degeneration heavily infil- 
trated with phagocytic endothelial leucocytes, scattered polymor- 
phonuclear leucocytes and a few extravasated red blood cells. 

The nerves show similar though less marked lesions. Individual 
fibers are swollen and vacuolated with distention of the neurolemma, 
while the epineurium is infiltrated with numerous endothelial leuco- 
cytes. 

The nerve cells from various portions of the normal guinea pig’s 
brain and cord are distinctly different. Moreover, in studying any 
group of nerve cells whether in the cortex, in the medulla or in the 
cord, it is found that they differ in size, shape, cytoplasmic staining, 
in the number of their processes and also in the number, size and 
position of the Nissl bodies. The nuclei and nucleoli also vary in 
size, contour, position and staining. Because of these variations it 
is difficult to diagnose the early degenerative changes in the cells. 
However, in a few of the areas of degeneration of the cord that ex- 
tend into the gray matter there is actual necrosis of the nerve cells. 

So far we have described the lesion only as it appears when we 
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used the hematoxylin and eosin, eosin and methylene blue, and 
phosphotungstic acid stains. When the early lesions are stained with 
Sudan IV or osmic acid, endothelial leucocytes are seen distended 
with material resembling myelin, whereas the vacuoles in the cord 
remain unstained. 

In both the cord and nerves of animals which lived one to two 
weeks after the onset of paralysis, the Marchi method for degenerat- 
ing myelin produces rather remarkable pictures. There is a much 
more widespread degeneration of myelin than was expected from an 
examination of the eosin-methylene blue sections. In cross-section 
of the cord the degenerated myelin appears throughout the tracts in 
varyingly sized irregular rings, and also as small and large globules, 
some of which are in endothelial leucocytes. In a longitudinal section 
of the nerves, the even uniform distribution of the myelin is replaced 
by droplets lying in the neurokeratin framework. 

Sections of the cord and peripheral nerves were impregnated to 
bring out both the oligodendroglia and microglia. There is little or 
no change in the oligodendroglia except in an area of degeneration 
where they are swollen and rather indistinct. As many as eight to 
ten perineuronal oligodendroglia are frequently seen surrounding 
an anterior horn cell in a control cord, and we never found a greater 
number than this in the test animals. The number of microglia is 
increased in the white matter, and in areas of myelin dissolution aU 
transitional forms are found between these small cells wth delicate 
branching projections and the large, round, phagocytic, compound 
granular corpuscles. 

The neuroglia astrocytes stain well in both the control and test 
animals, and though there seems to be an increase of these elements 
in the posterior columns in the animals with older lesions, yet the 
number is so variable in different animals and in different levels of 
the cord that it is doubtful whether there is a beginning true gliosis 
as early as fourteen days. 

In summing up the histologic changes we find that they are con- 
fined almost entirely to the nervous system and that they involve 
pnmarily the nerve cells, the axones and their myelin sheaths. 
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Discussion 

The question of first importance in electrocution is “what causes 
death? ” Now in speaking of electric currents it is usual to call those 
over 1,000 volts high tension and those below tliis, low tension cur- 
rents, while the importance of either type of current in causing fatal 
shocks is readily shown in the number of accidental deaths occurring , 
annually. Furthermore, individuals vary greatly in their response 
to electricity and different portions of the body show wide variation 
in their electrical resistance. The dry calloused palm of the hand 
may have a resistance of 2,000,000 ohms, while that of the mucous 
membrane of the same person may be only 100 ohms. 

In our experiments we used very low voltage. When the current 
was applied the heart ceased beating; this, however, did not occur 
when a sufficient dose of atropine had been given previously. This 
suggests that the stopping of the heart results from unusual vagus 
stimulation. It is stated clinically that in death resulting from 
shocks of low tension the heart ceases first and respiration continues, 
while in high tension currents paralysis of the respiratory center is 
said to precede cessation of the heart beats. Death may be pro- 
duced readily in guinea pigs using a low tension current, provided the 
exposure is long enough; with short exposure, however, the heart 
ceases fibrillation and the normal rhythm returns. In larger animals 
and man, fibrillation of the ventricle is almost always fatal and so 
death ensues. 

It does not appear to be the heart muscle that is affected by the 
electric current but rather the entire nervous system. It seems rea- 
sonable to suppose that the same factors would apply for either 
_j:urrents of high or low tension and hence the production of apparent 
cardiac death simply dep^ds on whether or not the heart has been 
thrown into fibrillation. 

There are three possible causes which must be considered in the 
production of lesions within the nervous system, namely, the electric 
current, mechanical force and ischemia. We have seen from our 
experiments the relative importance of these and conclude that the 
electric current itself is probably the most important single factor. 

Death in electric shock may occur at the time of the shock, several 
minutes later, or days later, or may result from complications re- 
sulting from local injury. Occasionally a patient dies suddenly hours 
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or days after an electric, shock. This type of death was seen in the 
experimental animals in whom it was found that while there were no 
demonstrable lesions in the myocardium, there were definite lesions 
in the cord, peripheral nerves and nerves to the heart. Hence, we 
feel that though a patient may appear in normal health after a shock 
reasonable precautions should be taken for days and weeks to avoid 
unnecessary stress and strain. 

SmiMARy 

1. The literature dealing with the pathologic changes in the ner- 
vous system of electrocuted animals is reviewed. 

2. The observations in normal animals, animals with exposed 
viscera and animals under atropine which were receiving electric 
shock are described in detail. 

3. The value of repeated sublethal shocks in obtaining histologic 
lesions is stressed. 

4. The r 61 e of the nervous system in producing changes in other 
systems is discussed. 

5. The gross and microscopic lesions are described in which it is 
shown that the lesions are confined almost entirely to the nervous 
system and skeletal muscle. 

6. The discussion deals with physical properties of electrical cur- 
rents, the resistance of the body to currents, the different types of 
death from electric shock and emphasis is laid on the importance of 
prolonged rest in cases of recovery. 

Note: I am indebted to Dr. F. B. Mallory for his many sug- 
gestions and helpful criticism, and also for the photomicrographs; 
and to Miss Marion E. Lamb for technical assistance. 
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Plate 68 

. I. Section of cord removed fourteen days after the onset of paralysis and 
stained by Marchi’s method for myelin degeneration. There is marked 
myelin degeneration in the lateral tracts, while just beneath and partly 
involving the posterior horn is an area of “softening” in which the de- 
generated m3'elin droplets have coalesced; many of them are in phagocytic 
endothelial leucocj'tes. x loo. 
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Platf, 69 


Fig. 2. Photomicrograph of a longitundinal section of the cord showing in tlic 
posterior columns the swollen, tortuous a.vis cylinders. The clear areas 
represent swollen myelin or areas from which myelin has entirely disap- 
peared. There is a moderate infdtration of endothelial leucocytes. (Hema- 
to.xylin and eosin .) x 300. 

Fig. 3. Photomicrograph showing an area of “softening” in the posterior 
column of the cord. The normal morphology and arrangement of the ele- 
ments are destroyed. Axis cylinders and myelin have disappeared; the 
latter is in part phagocyted by endothelial leucocytes. (Hemato.xylin and 
eosin.) x 250. 
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Plate 70 


Fig. 4. A higher power photomicrograph from an area of degeneration in the 
cord, showing endothelial leucocytes many of which are distended with 
myelin, x 500. 

Fig. 5. Longitudinal section of a peripheral nerve traversing bundles of stri- 
ated muscle. Degenerated myelin droplets of various sizes are held in the 
neurokeratin framework of the nerve fibers. Marchi stain for degenerated 
myelin. X125. 
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A CASE OF MENINGITIS DUE TO ENDOMYCES CAPSULATUS 

(NEW SPECIES) * 

Allan G. Rewbridge, M.D. 

{From the Pathological Laboratory, Boston City Hospital, Boston, Mass.) 

Carroll W. Dodge, Pn.D., and Theodore T, Ayers, A.M. 

{From the Cryptogamic Laboratory, Harvard University, Cambridge, Mass) 

The purpose of this paper is to report the clinical record and 
autopsy findings of a fatal case of systemic Eiidomyces capsulatus 
infection. The organism was isolated from the tissues and cultured. 
This paper includes a study and description of the morphology, cul- 
tural characteristics and animal pathogenicity of the organism. 

Fun^ may attack any organ or system of the body, the integu- 
mentary system being most frequently and the nervous system most 
rarely affected. Diseases of fungus origin are called mycoses. These 
may be classified into two groups — internal mycoses and external 
mycoses or dermatomycoses. 

Castellani ^ has stated that in cases of general infections due to 
fungi like Saccharomyces, Monilia and Endomyces, abscesses con- 
taining such fungi may be found in the brain and spinal cord. In this 
country cases of cerebrospinal-meningitis have been recorded due to 
Cryptococcus histolyticus (synonym Torula histoly liens), Stoddard 
and Cutler, 2 igi6. It has been shown that Torula has a special 
predilection for the central nervous system and lungs. 

Siunmaries of our knowledge concerning Torula histolytica infec- 
tions in man have been made from time to time since Stoddard and 
Cutler’s monograph was published in 1916. The more recent reports 
are by Shapiro and Neal ^ in 1925, and Rappaport and Kaplan ^ in 
1926. Shapiro and Neal mentioned thirteen cases then reported. 
They added another case and included a personal communication 
from Sheppe. This made the total reported cases fifteen up to that 
time, of which thirteen were infections of the central nervous system 
and meninges, one of the lung, and one of the muscles of the back. 
Rappaport and Kaplan reported a systemic torulosis and McKendree 
and Cornwall ® in the same year reported an infection of the brain 
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and meninges. An account by Hansmann ^ in 1924 of a case of 
meningo-encephalitis caused by Torula histolytica was not mentioned 
by these writers. About this time Lynch and Rose’ reported an 
additional case of meningo-encephalitis due to Torula histolytica. 
Hall, Hirsch and Mock ® in 1928 added a case of meningo-encepha- 
litis. Words and Wightman ® in 1928 reported another case of 
Torula histolytica meningitis. Hence we have collected a total of 
eighteen cases in which Torula histolytica was the etiologic factor in 
meningitis. 

A case of sporotrichosis meningitis was reported by Hyslop, Neal, 
Kraus, and Hillman in 1926. 

Vialard, Lancelin, and Darleguy” in 1925 reported a case of 
meningo-encephalitis due to Trichomyces in a case of pulmonary 
tuberculosis. 

In 1917 Swift and Bull reported a case of primary blastomycotic 
meningitis. Since then in 1922 Williams has recorded a case of 
meningitis which followed a case of pulmonary blastomycosis. 
Badham has mentioned a case which appeared in Sydney in 1922. 
Watanabi reviewed a case in which blastomycotic invasion of the 
tonsils was reported. 


Report of Case 

Clinical Bistory: J. M. (Hospital No. 568,911), a white, married male, 48 
years of age, who was a furrier by trade, entered the Boston City Hospital, 
August 30, 1928, complaining of continuous frontal and temporal headaches 
during the past three and a half months. 

Family history was negative, and the past history was without interest. 

His present illness began five months before entry when he noticed a hard 
tender slightly movable mass about the size of a hen’s egg on the medial surface 
of the lower third of the left thigh. It gradually subsided during the next four 
weeks, at the end of which time a similar mass appeared beneath the anterior 
surface of the neck. A short time after the first mass subsided the patient began 
to have continuous and almost unbearable frontal and temporal headaches. 
Two weeks before entry he developed defects in memory, would lose himseK on 
familiar streets, could not remember places and lost track of time. He lost 
interest in everything and seemed not to understand questions or conversation. 
He gradually became worse and was brought to the hospital. 

Physical Examination: A well developed and emaciated middle-aged white 
man who was dull mentally and slightly confused. A tender cystic mass about 
the size of a hen’s egg was situated at the level of the thyroid isthmus between 
the trachea and the anterior border of the left sternocleidomastoid muscle. The 
chest was symmetrical. Resonance over both lungs was impaired and over the 
right apex were heard both fine and medium crepitant rales. A small tender 
cystic mass about the size of a walnut was felt on the medial surface of the lower 



MENINGITIS DUE TO ENDOMYCES CAPSULATUS 


351 


third of the left thigh. Temperature, 98.6° F; pulse, 84; respiration, 20; blood 
pressure, 130 systolic and 80 diastolic. 

Neurologic Examination: The pupils were contracted and reacted slowly to 
light and accommodation. The fundi showed perivascular streaking, venous 
engorgement and slight pallor of both discs. Bilateral diminution of hearing. 
The deep reflexes were exaggerated more markedly on the right. The cremas- 
teric and Babinski reflexes were absent. During the examination the patient 
was very emotional, having fits of crying and laughing. 

Laboratory Findings: The urine and blood examinations were negative except 
for a s per cent eosinophilia. The blood Kahn was negative. The spinal fluid 
showed an initial pressure of 210 mm., a slow fall after abdominal and jugular 
compression, leucocytes 20, of which 15 were polymorphonuclear and 5 lympho- 
cytes, Wassermann positive and gold sol. 0000022220. The spinal fluid was 
cultured on blood agar, chocolate agar and Sabouraud's medium, and showed no 
growth at the end of fourteen days. A smear of this spinal fluid was negative. 
The second spinal fluid was similar except that the pressure and dynamics were 
normal and the gold sol. 0001242110. Culture of the spinal fluid on blood agar, 
chocolate agar and Sabouraud’s medium, showed no growth at the end of four- 
teen days. 

September ii, 1^28: The cyst in the thyroid region was aspirated, and 30 cc. 
of thick creamy tenaceous yellow pus was obtained. Smears of this pus con- 
tained numerous polymorphonuclear leucocjdes and countless numbers of round 
granular cells with vacuoles and refractile bodies in their cytoplasm. These cells 
were encapsulated and were one fourth the size of a red blood cell. Numerous 
budding forms were present. The organism was cultured and identified as 
Endomyces capsulatus (new species). Organisms, which were identical morpho- 
logically and culturally with the organisms cultured from the pus from the neck, 
were found in the pus aspirated from the nodule on the left thigh. 

September 16: X-ray report: extensive bilateral pulmonary tuberculosis; 
skull plates were negative. 


After a short stay the patient left the hospital against advice when a biopsy 
was suggested. His condition was unchanged. 

Clinical Diagnoses: Mycotic encephalitis(?); mycotic abscesses of the neck 
and left thigh; bilateral pulmonary tuberculosis. 

October 3, 1928: The patient was readmitted. 

Interval History: (Hospital No. 571,024). Since his discharge the patient had 
become completely disoriented. A week before entry he became incontinent 
and lethargic. 

Physical Examination: The patient was comatose and had mild choking of 
the discs. He had a stiff neck and bilateral Kemigs. Babinski’s sign was positive 
on the left .and questionable on the right. Temperature, 98.6° F; pulse, 80; 
respiration, 20. 


Laboratory Findings: The urine and blood examinations were negative except 
for a 4 per cent eosinophilia in one smear. Spinal fluid showed an initial pressure 
of no mm., the dynamics were normal, total protein 171 mg., leucocytes 51, 
of which 62 per cent were lymphocytes, gold sol. 2233443100, chlorides 568 mg. 
and sugar 36 mg.^ Culture of the spinal fluid on blood agar, chocolate agar and 
Sabouraud’s medium showed no growth at the end of fourteen days. The second 
spinal fluid showed chlorides 579 mg., sugar 39 mg., total protein 190 mg., and 
leucocytes 68. Culture, guinea pig, and mouse inoculations were negative. 
These animals were killed and autopsied two months after the inoculation. 
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The patient’s condition became worse, his temperature, pulse and respirations 
rose rapidly, and he died October 31, 1928. 

Clinical Diagnoses: Mycotic mcningo-cnccphalitis(?) ; bilateral pulmonary 
tuberculosis. 

An autopsy (A-28-350) was performed eleven hours postmortem. 
The tissues were immediately placed in Zenker’s fixative and later 
embedded in paraffin and stained with eosin-methylene blue, phos- 
pho tungstic acid hematoxylin, Mallory’s aniline blue. Gram Wei- 
gert’s method and by Ziehl-Neelson’s method for tubercle bacilli in 
paraffin sections. 

Autopsy Report 

The body is that of a well developed and emaciated middle-aged 
white man. A red scar 1.5 cm. long is present to the left of the mid- 
line on the anterior surface of the neck. A similar scar is present on 
the medial surface of the lower third of the left thigh. The left 
femoral lymph nodes are palpable. 

Peritoneal Cavity: On the serosal surface of the ileum are two 
congested areas 2 cm. in diameter, and a third is present on the cecum 
near the ileocecal valve. In these congested areas are numerous firm 
gray nodules measuring about o.i cm. in diameter. The remainder 
of the peritoneal cavity is without interest. 

Pleura and Lungs: The pleural surfaces are smooth and glistening 
save for the left apex where there are dense fibrous adhesions joining 
the visceral and parietal pleural surfaces. Numerous firm irregularly 
shaped and sized nodular masses are present throughout both lungs 
involving the upper lobes more than the lower. Fresh section of 
these firm masses reveals numerous closely approximated firm yel- 
lowish white nodules measuring o.i cm. in diameter. No cavity 
formation present. The bronchi and the mediastinal structures are 
negative. 

Heart and Spleen: Without interest. 

Gastro-Intestinal Tract: Stomach negative. Two ulcerative lesions 
in the lower ileum and a third in the cecum near the ileocecal valve 
are similar in appearance. In the ileum they entirely encircle the 
bowel and are 1.5 to 2 cm. broad. The margins of the ulcers are 
ragged, nodular, irregular, thickened and undermined. Their bases 
are covered with yellow necrotic material. The serous surface is 
congested, and nrunerous gray nodules about 0.1 cm. iri diameter are 
present in the subserous tissues. 
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Liver, Pancreas, Kidneys, Adrenals, Bladder and Genital Organs: 
Without interest. 

Organs of the Neck: The thyroid, trachea, esophagus and larynx 
are negative. To the left of the midline the subcutaneous tissues are 
flesh-colored, granular and are studded with numerous firm nodules 
0.2 cm. in diameter. 

Left Thigh: The subcutaneous tissues beneath the scar on the 
left thigh are flesh-colored, granular and are studded with numerous 
firm nodules measuring 0.2 cm. in diameter. The tissue involved is 
about 2 cm. in diameter. 

Head: The scalp and calvarium are negative. 

Brain: Weight 1,120 gm. The dura is tense. When opened the 
hemispheres bulge out and when uncovered present a flattening of 
the convolutions and an obliteration of the sulci. The cerebrospinal 
fluid in the subarachnoid space is clear. The lower surface of the 
cerebellum, pons, medulla and the cranial nerves arising from the 
brain stem are covered with numerous granular, closely approxi- 
mated, firm, flesh-colored nodules. No abscesses or nodules are 
observed in the brain substance. The ependyma is rough and gran- 
ular. The ventricles are moderately dilated. 

Anatomic Diagnoses: Nodular meningitis; granular ependymitis; 
nodular cellulitis of the neck and left thigh; bilateral pulmonary 
tuberculosis; tuberculous ulcers, ileum and cecum. 

Microscopic Examination 

Lmig: The normal architecture is obhterated by roughly con- 
centric lesions. Endothelial leucocytes and foreign body giant cells 
are present in and around central zones of necrosis which are com- 
posed of shadowy remains of cells. Acid-fast bacilli are present in 
the necrotic centers. At the periphery of the lesions is a narrow 
border of lymphocytes. Conglomerate lesions similar in structure are 
present. The adjacent alveoli are filled with endothelial leucocytes. 

Heart and Spleen: Without interest. 

Intestine: An ulcer with an undermined edge extends down to the 
muscularis. In the base of the ulcer and extending out beneath the 
undermined edge are lesions similar to those seen in the lung. Acid- 
fast baciUi are present in the necrotic centers of the lesions. 

Liver: Small discrete lesions similar to those seen in the lung and 
intestine are present. 
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Pancreas, Kidney, Adrenal, Proslate, Thyroid and Pituitary: With- 
out interest. 

Subcutaneous Nodule, Left Thigh: In the subcutaneous tissues 
there are roughly concentric and conglomerate lesions composed of 
endothelial leucocytes and one or more foreign body giant cells and 
surrounded by a narrow border of lymphocytes. A moderate amount 
of connective tissue surrounds the lesions. In the larger affected 
areas are foci of necrosis in which are found many polymorpho- 
nuclear leucocytes, fewer vacuolated endothelial leucocytes, and an 
occasional foreign body giant cell. 

In the cytoplasm of the endothelial leucocytes and foreign body 
giant cells are round yeast-like organisms which are surrounded by a 
clear non-staining capsule. These organisms vary from 0.7 to 2.8 
microns and average 1.6 microns in diameter. Within the organisms 
are round and oval basic-staining bodies resembling nuclei. In the 
small organisms only one is present, while in the larger ones two and 
even three have been observed. In sections stained by Mallory’s 
aniline blue the capsule of the organisms stains blue. The organisms 
are gram positive. 

Within the tissues this organism reproduces by budding. By 
studying the organism in the foreign body giant cells and endothelial 
leucocytes, all stages of budding have been observed. An early stage 
is characterized by a slight protoplasmic bulge at the periphery of 
the organism accompanied by a similar bulge of the capsule. In 
another cell may be seen a well developed bud which is still joined 
to the parent cell. A later stage is observed in which a capsular 
septum separates the daughter from the parent cell. In the last 
stage the separation is complete, each cell having its own capsule. 

Medulla: On the pial surface of the meduUa and surrounding the 
cranial nerves there are roughly concentric and conglomerate lesions 
composed of endothelial leucocytes and one or more foreign body 
giant cells and surrounded by a narrow border of lymphocytes. In 
the larger lesions are areas of necrosis in which are found many poly- 
morphonuclear leucocytes, fewer vacuolated endothelial leucocytes 
and an occasional foreign body giant cell. In the cytoplasm of the 
foreign body giant cells and endothelial leucocytes are round yeast- 
like organisms, surrounded by a clear non-staining capsule. These 
organisms are similar to those seen in the tissues of the thigh. 
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Microscopic Diagnoses: Mycotic meningitis; mycotic cellulitis, 
left thigh; tuberculosis of lungs; tuberculous ulcer, ileum; miliary 
tuberculosis, liver. 


Bacteriologic Study 

A nodule removed from the pial surface of the medulla was 
washed in several changes of sterile saline, ground in a mortar, 
suspended in saline and cultured on Sabouraud’s medium. Colonies 
of Endomyces were observed on the seventh day. Two mice were 
inoculated with this suspension. The first mouse died on the sixth 
day, and the second on the seventh. Gross examination was negative 
except for multiple abscesses in the kidneys. Microscopic examina- 
tion was negative except for the kidneys. Large areas in which the 
normal architecture was destroyed were infiltrated by pol5Tnorpho- 
nuclear and a few endothelial leucocytes. Endomyces within endo- 
thelial leucocytes were present in the abscess and in the adjacent 
tubules. 

B. Coli was cultured from the heart’s blood and spleen. 

Morphology 

Methods: Fleming’s weak killing and fixing solution was added 
directly to the agar tube containing the fungus. After remaining in 
this solution for about twenty-four hours, the material was washed 
in running water from twelve to twenty-four hours. After wash- 
ing, the material was removed from the culture tube, a thin slice of 
agar containing the fungus on one surface was cut from the agar 
plug, transferred to commercial hydrogen peroxide (3 per cent) and 
bleached. This material was then stained either with Delafield’s 
hematoxylin or with Heidenhain’s iron alum hematoxylin and coun- 
terstained with an aqueous solution of eosin. When the material 
was satisfactorily stained it was transferred to a 10 per cent aqueous 
solution of glycerol which was allowed to concentrate by evapora- 
tion of the water until an equilibrium was reached. The material 
was then mounted on slides, gently teased apart as much as possible 
with fine needles and a cover glass added. 
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Endomyces Capsulatus, Rewbridge, Dodge and Ayers: 

New Species 

The mycelium in lesions consists exclusively of budding cells; see 
Figs. 22, 23 and 24. In culture, when first isolated, and in acid 
media, the mycelium consists of coarse thin-walled hyphae, 3.5 to 4 
microns in diameter, composed of nearly isodiametric cells (Fig. 3). 
Hyphae, often somewhat contorted, suggest the mycelium of Madu- 
rella. On neutral media with protein as the principal source of 
nitrogen the hyphae are slender, branched, 1.4 to 1.5 microns in 
diameter with long, mostly uninucleate cells. 

Budding cells about 3.5 by 5 microns are abundant on acid media, 
but absent on neutral media (Fig. 3). 

Hypnospores (chlamydospores) terminal on short branches or in 
chains, develop from mycelium resembling the raquet mycelium of 
Trichophyton and related genera. The cells of this mycelium are 
6.5 to 7 microns in diameter at the swollen end and 2.6 to 3 microns 
in diameter at the other end (Figs. 15 and 19). In cultures on corn- 
meal agar, large spherical cells, 11.3 microns in diameter, develop on 
the ends of short branches. They have very thick walls but their 
contents seem to be degenerating (Fig. i). 

Conidia are sessile, pyriform, 5.5 by 6.5 microns, developing ir- 
regularly along the mycelium but usually near a septum, more 
abundant on media with protein nitrogen and a neutral reaction 
(Figs. 14 to 16), 

Endospores {cndoconidics of Vuillemin globules internes of 
Salvat and Fontoynont^^) are ellipsoidal, 2.6 by 3.2 microns in the 
h3q)hae on Sabouraud’s dextrose agar (Fig. 12). These spores are 
formed by the rounding up of the protoplasts into deeply staining, 
ellipsoidal masses, but no spore wall was observed and their signifi- 
cance is still uncertain. Their appearance suggests that of the hor- 
mogonia of the Myxophyceae. 

Sexual reproduction when present is heterogamous. A cell of a 
filament swells to about ii microns in diameter and fuses with an 
apparently little differentiated cell (4.8 microns) on a h)q)ha (3.6 
microns) which may lie nearby (Figs. 6, 7, 9). Whether this is a case 
of amphimixis or pseudombds or whether it is related to the curious 
sexuality of Ascobolus carbonarius reported by Dodge must await 
a further study of the nuclear divisions preceding and during this 
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copulation. Since pseudomixis is common among the yeasts it might 
be expected here. 

The details of development between copulation and the formation 
of the asci have not been sufficiently studied. The asci are terminal 
on long filaments, eight-spored, subspherical, about 7 by 9 microns. 
The ascospores are hyaline, spherical, smooth, 2 imcrons in diameter 
(Fig. 4). So far, asci have occurred only in cultures on Sabouraud’s 
dextrose agar about nineteen weeks old. 

Cultural Characteristics 

The original isolation furnished us from this case was cultivated 
at room temperature (about 20° C). It was transferred to a variety 
of media roughly ranging from pH 4.5 to 7.2. Since our laboratory 
is poorly equipped for accurate determination of the concentration 
of hydrogen ions, in this prehminary work we have been content to 
accept the statement on the labels of recent batches of dehydrated 
media from the Digestive Ferments Company and will postpone 
further detailed consideration of the physiology of this fungus to a 
later paper. 

Since a cursory examination of the original culture showed the 
general morphology of a Monilia or of some other imperfect yeast, 
we tried it on a number of acid media which are usually satisfactory 
for this group. It will be seen, however, that for this organism media 
with a lower hydrogen ion concentration and more complex nitroge- 
nous compounds were more satisfactory. Since most of our time 
has been devoted to the morphology of the organism we have not 
yet attempted to study its growth on slightly alkahne media, but 
since our best growth occurred on Bacto Nutrient (beef) agar at 
pH 7.2, it is probable that growth will occur on more alkaUne media. 

In the following descriptions of colonies the media have been 
arranged approximately in the order of decreasing concentration of 
hydrogen ions. 

Wort Agar {Bacto pE 4.5 ) : No growth. 

Wort Agar: (Approximately the formula pubhshed for Bacto wort 
agar with slight increases in amounts of maltose, dextrin and [Bacto] 
peptone, which would probably cause a shght decrease in concen- 
tration of hydrogen ions.) Surface of the colony moist, shining, 
yeast-hke at first, becoming dull or somewhat powdery in age. 
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Growth slow, reaching less than i cm. in diameter in six weeks, 
elevated, convolute to cerebriform. Mycelium very irregularly 
branching, septate; cells very short (Fig. 3). This culture after five 
months resembles most closely the freshly isolated cultures. 

Mall Extract Agar (Bacto pH about 4.^): Growth slow, scarcely 
covering the surface of the tube in nineteen weeks, forming a com- 
pact thin felt in the older portion, with only a very sparse or fine 
powdery surface in the younger portion. Mycelium more filamen- 
tous than in wort agar with very few yeast cells. 

Sabouraud’s Dextrose Agar {Bacto pH 4.74) and Sabouraud’s 
Conseroalion Agar: Growth more rapid, the colony reaching 2 cm. 
in diameter in two weeks, white, well developed at the inoculum, 
surrounded by a loose cottony zone wth a dense cottony periphery. 
Mycelium filamentous, hyaline, branched, composed of clavate cells, 
2 to 4.5 microns in short diameters. Hyphal tips swollen, suggestive 
of the raquet mycelium of Trichophyton. It should be noted that 
the original cultures on Sabouraud’s agar were less definitely fila- 
mentous and more yeast-like. It is not clear whether that particular 
batch of agar was more acid or whether frequent transfers on arti- 
ficial substrates have gradually adapted the fungus to a changed 
environment. The writers are inclined to the former alternative in 
view of the growth on media of higher concentrations of hydrogen 
ions. 

Corn-meal Agar (Bacto pH 5.9): Growth similar to that on 
Sabouraud’s agar but much less developed and much slower, cover- 
ing less area in eight weeks than it does on Sabouraud’s medium in 
two weeks. Mycehum very slender, cells very long. Thick-walled 
hypnospores abundant. 

Swordfish (Sterilized Muscle of Xipliias Gladius L., pH 6.1): 
Growth very slow, colony less than 0.7 cm. in diameter in three 
weeks, more compact than colonies on corn-meal agar, quite ele- 
vated. Mycelium slender, cells long, producing abundant conidia, 
many of which are terminal on short branches, arising at right angles 
to the hyphae as in Acremonium. 

Cooked Egg: (The whites and yolks were beaten together, coagu- 
lated, then tubed and sterilized at a pressure of 15 lb. per square 
inch for twenty minutes; pH unknown.) Growth slow, similar to 
that on swordfish but conidia. much less abundant. 

Beef Agar (Bacto Nutrient pH 7.2): Growth rapid, forming a 
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thick, smooth felt over the whole surface. Mycelium very slender; 
conidia abundant. 


Animal Pathogenicity 

Guinea pigs, rabbits and mice were used for study. A culture of 
Endoniyces capsulatus on a Sabouraud slant incubated at 37° C for 
seven days was suspended in 20 cc. of saline. Suspensions made in 
this way were used in the following animal experiments. 

Each one of four guinea pigs was inoculated intraperitoneally 
with 4 cc. of the above described suspension. At the end of eleven 
weeks they were healthy and had not lost any weight. They were 
then killed and autopsied. The four guinea pigs were grossly and 
microscopically negative. Cultures of the heart’s blood on Sabou- 
raud’s medium and blood agar showed no growth at the end of 
seven days. 

Each one of four rabbits was inoculated intravenously with 4 cc. 
of the above-described suspension. At the end of twelve weeks they 
were healthy and had not lost any weight. They were then killed 
and autopsied. The four rabbits were grossly and microscopically 
negative. Cultures of the heart’s blood on blood agar and Sabou- 
raud’s medium showed no growth at the end of seven days. 

Each one of four mice was inoculated intraperitoneally with 
0.5 cc. of the above described suspension. These mice developed a 
progressive infection, became emaciated and died between the third 
and fourth weeks. The lesions found at autopsy were identical. 

Gross Examination: Numerous firm granular nodules measuring 
0.2 to 0.3 cm. in diameter were present in the omentum and on the 
peritoneal surface. Similar granular nodules were observed in the 
lungs, liver, spleen and kidneys. 

Microscopic Examination: In several large areas the normal archi- 
tecture of the lung is destroyed, and the cavity formed is filled with 
polymorphonuclear leucocytes, a few endothelial leucocytes and 
countless numbers of encapsulated Endomycetes. Numerous budd- 
ing cells are present. Similar lesions are present in the liver, spleen, 
kidneys and omentum. 

Cultures of the heart’s blood on blood agar and Sabouraud’s 
medium showed no growth at the end of seven days. Peritoneal 
nodules were cultured on Sabouraud’s medium. Colonies of Endo- 
myces were observed on the seventh day. 
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Summary of Animal Experiments 

1. Mice when inoculated intraperitoneally with Endomyces cap- 
sulatus develop a progressive infection affecting the peritoneum, 
lungs, liver, spleen and kidneys, resulting in death at the end of three 
to four weeks. 

2. The organism Endomyces can be cultured from the lesions. 

3. The organism was not cultured from the heart’s blood of mice 
killed by this infection. 

4. Rabbits after receiving an intravenous inoculation were 
healthy and had not lost any weight at the end of twelve weeks. 
They were grossly and microscopically negative. 

5. Guinea pigs after receiving an intrapcritoneal inoculation were 
healthy and had not lost any weight at the end of eleven weeks. 
They were grossly and microscopically negative. 

Classification 

The Saccharomycetales, to which the organism here studied be- 
longs, are divided into three families: the Dipodascaceae, a primitive 
family with several features which are suggestive of the higher 
Phycomycetes; the Endomycetaceae or filamentous yeasts; and the 
Saccharomycetaceae or true yeasts. Besides these there are a large 
number of organisms whose life cycles are incompletely known which 
probably belong to these groups. From a survey of the medical 
literature dealing with these organisms, the nomenclature appears 
chaotic and the application of generic names uncertain. It seems 
best to the writers to consider species having a variable amount of 
filamentous mycelium, which shows the characteristic budding asso- 
ciated with the yeasts, as belonging to Monilia, and the species with 
spherical or nearly spherical cells which may adhere in chains but 
which never form characteristic filamentous mycelium as Crypto- 
coccus. While it is never safe to predict the genus of Ascomycetes 
to which one of the Fungi Imperfecti will belong when the whole life 
cycle is known, it is probable that the species of Monilia will belong 
to Endomyces and those of Cryptococcus to the Saccharomyce- 
taceae. 

The Endomycetaceae are usually divided into about a half-a- 
dozen genera of which only two, Eremascus and Endomyces are at 
aU well known cytologicaUy. Eremascus, found on fruit juices, lacks 
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the characteristic budding of Endomyces and has regular isogamous 
reproduction. 

Endomyces which grows on a wide variety of substrates shows 
great variation in its reproduction. The species may be divided into 
two series, one of which has retained its primitive isogamy and gradu- 
ally degenerated until the sexual act becomes rare and parthenogamy 
the rule; the other series starting with quite well defined heterogamy 
as in the present species has also degenerated towards parthenogamy, 
so that the end results of the two series are identical or at least so 
similar that it is difficult to differentiate them. 

If we exclude species whose ascogenous stage is unknown, species 
which have often been included by their authors in Endomyces, very 
few species have been foimd in man or other mammals. Some of 
these as E. Cruzi De Mello and Paes, and E. piilmonalis Senez were 
described in journals to which we have not had access. The second, 
perhaps, belongs in Monilia, While we have not seen the original 
description of E. honaerensis Greco, the discussion by its author 
(1916) leads us to place it either along with Monilia alba (Queyrat 
and Laroche^®) Sartory^^ (1922) from vaginitis (not the organism 
described under that name by Castellani in 1911), or with E. Vuil- 
lemini Landrieu, closely related to Monilia albicans of thrush and 
similar infections. During the campaign in Mesopotamia, E. iropi- 
calis Castellani and Acton which produced creamy patches on 
tonsils and uvula that were difficult to remove but left no raw bleed- 
ing surfaces and were accompanied by diffuse inflammation of the 
uvula, of pillars of the fauces and of the posterior pharyngeal wall, 
was described as having a very curious life cycle. If the description 
should prove to be correct, it should certainly be removed to a new 
family if not to a new order of fungi. It certainly has little in com- 
mon with the organism under consideration. 

E. crateriforme Hudelo, Sartory and Montlaur produced an oval, 
erythematous, scaly lesion in the armpit of a young woman remind- 
ing one of dry seborrheic eczema. It was not pathogenic to guinea 
pigs or rabbits by subcutaneous, intraperitoneal or intravenous 
injection, although scarification produced non-typical evanescent 
lesions. It is evident that it was vmable to invade the deeper tissues 
of the body differing markedly from E. capsulatus. 

Only one true Endomyces, E. Molardi Salvat and Fontoynont 
remains for discussion and separation from our organism. The 
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former was reported from a lesion on the leg, originally hard nodules 
which softened into an abscess which was finally cured after about 
two months by external application of methylene blue. Inoculation 
in the thigh of a guinea pig produced a local abscess which healed 
spontaneously. Intraperitoneal injections were fatal in thirty-three 
to forty-four days with cachexia accompanied by nephritis. The 
organism was recovered from the blood. 

The mycelial filaments are 2 to 6 microns in diameter, somewhat 
contracted at the septa, and thick-walled. The filaments may end 
either in a simple cell; a group of short thick-walled, nearly spherical, 
yeast-like cells, sometimes twice the diameter of the penultimate 
cell; or by a spherical cell 8 by 22 microns in diameter. The latter 
are evidently hypnospores and sometimes occur in groups or short 
chains. The asci and ascospores are produced on glycerol agar or on 
carrot plugs with glycerol. The asci vary from spherical to ellipsoidal 
with four, rarely eight spores. 

On glycerol agar the growth was rapid, thick, creamy or ivory 
white, elevated, with small deeper yellow craters in the middle. On 
Sabouraud glucose agar growth was less abundant, consisting of 
plateaux slightly raised in the center, creamy white, glistening, then 
opaque, with fine radiations from the central cone about the fifteenth 
day. A comparison of E. Molardi with our organism shows differ- 
ences in most points of morphology, culture and pathogenicity, al- 
though it is certainly congeneric. 

Summary 

1. The clinical record and autopsy findings of a case of meningitis 
due to Endomyces capsnlatus, n. sp., are reported. 

2. The organism was not found in the spinal fluid. 

3. The morphologic and cultural characteristics of Endomyces 
capsulatus, n. sp., are described. 

4. The organism is pathogenic for mice but not for rabbits or 
guinea pigs. 

Note: We are indebted to Dr. F. B. Mallory and Miss Cath- 
erine G. Norton for the illustrations and to Miss Lillian M. Leavitt 
and Miss Marion E. Lamb for technical assistance. 
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DESCRIPTION OF PLATES 
Plate 71 

The interpretation of some of our figures must await further cytological study; 
Fig. I from com-meal agar. Fig. 3 from wort agar. Figs. 14 and 16 from malt 
extract agar, the others from Sabouraud’s dextrose agar. 

Fig. I. Large, thick-walled cells produced on com-meal agar, function not 
yetkno^vn. x iioo. 

Fig. 2. Hypha on Sabouraud’s dextrose agar, suggestive of budding mycelium. 
X 1100. 

Fig. 3. Yeast-like growth on wort agar, x iioo. 

Fig. 4. Ascus showing ascospores. x iioo. 

Fig. 5. Raquet mycelium, x iioo. 

Figs. 6 and 7. Hetcrogamous copulation, x iioo. 

Fig. 8. Perhaps young ascus before spore formation, showing fusion nucleus. 

X IIOO. 

Fig. 9. Hetcrogamous copulation, x 1100. 

Fig. 10. Perhaps earlier stage before nuclear fusion, x iioo. 

Fig. II' Terminal hypnospore. x iioo. 

Fig. 12. Portion of hypha showing endosporcs. x iioo. 

Fig. 13. Type of mycelium, x iioo. 

Fig. 14. Conidia. x iioo. 

Fig. 15. Type of mycelium, x iioo. 

Fig. 16. Conidia. x 1100 

Fig. 17. Probably an ascus. x 1100 

Figs. 18 and 19. Types of mycelium, x iioo. 
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Fig. 20. Photomicrograph of a section through a pial nodule showing an exu- 
date consisting of foreign body giant cells and endothelial leucocytes. 
There arc several areas of necrosis in wliich arc found many iioiiTUorpho- 
nuclear leucocytes, x 100. 

Fig. 21. Photomicrograph showing an area of necrosis in which are found 
many pohonorphonuclcar and fewer endothelial leucocytes. Several foreign 
body giant cells border the necrotic area, x 300. 
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i'leningitis Due to Endomyces Capsulatus 




















Plate 73 

Fig. 22. In the cytoplasm of the foreign body giant cell arc round yeast-like 
organisms surrounded by a clear non-staining capsule, x 1500. 

Fig. 23. Three budding organisms are present in the cytoplasm of the foreign 
body giant cell, x 1500. 

Fig. 24. Photomicrograph showing an early stage of budding which consists 
of a slight protoplasmic bulge at the pcriphcr\’^ of the organism accom- 
panied by a corresponding bulge of the capsule, x 1500. 






LIGHT AS A FACTOR IN THE IMPREGNATION OF BRAIN 
SECTIONS WITH THE AMMONIACAL SILVER SALTS* 

Nathan Chandler Foot 

(From the Dcparlmcnl of Pathology, College of Medicine, University of Cincinnati, and 
Cincinnati General Hospital, Cincinnati, Ohio) 

While performing the experiments detailed in a recent paper ^ 
it was noticed that successful impregnation of the oligodendroglia, 
microglia and, to a lesser extent, of the neurons appeared to be 
largely a matter of luck; sometimes they took the silver, sometimes 
they did not. Already noted and commented upon by other ob- 
servers, this capricious behavior on the part of these cells has not 
yet been satisfactorily explained. Good results were generally ob- 
tained if the sections were bromurated and impregnated immediately 
after they were cut; if, however, they were left in their phials in 
Cajal’s formalin bromid for a week or more their oligodendroglia 
and microglia became increasingly refractory to impregnation and 
were soon quite undemonstrable. 

There might be a number of reasons for this: the formalin might 
have become acid, the stronger bromid content of the modified 
CajaUs fixative (6 per cent instead of 3 per cent NH4Br) Used in my 
experiments might have been to blame, or something might have 
been dissolved out of these cells by the storage fluid. All these 
factors could, however, be ruled out: the formalin was kept neutral 
by the occasional addition of a few drops of 1 per cent Na2C02, the 
original Cajal’s fixative was used in parallel with the modified fluid 
as a control, ordinary neutral formalin was tried out as a storing 
fluid, but the sections remained refractory. That anything had been 
leached out of them seemed improbable, for the blocks from which 
they were cut had been in formalin for several months and fresh 
sections from these always gave beautiful results with the oligo- 
dendroglia if impregnated immediately after they were cut. 

There remained but one readily conceivable factor to be consid- 
ered. the action of daylight. It was a fact that the best impregna- 
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tions had been made during periods of smoky or rainy weather, when 
the laboratory was so gloomy as to require artificial light; it was also 
obvious that the sections that had become refractory had been kept 
on a table in a window where there was often bright sunlight. In 
order to decide the question the following simple experiment was 
performed. 

Experimental Work 

A batch of frozen sections was cut from a brain known to contain 
an abundance of oligodendroglia and microglia in a good state of 
preservation (Brain i of the series described in the previous paper ^ 
and taken at necropsy one hour postmortem from an elderly woman). 
The sections were then divided into two lots: Set L was stored in 
formalin bromid in a clear glass bottle and placed directly in front 
of the window where it would get plenty of light; Set D was stored 
in the same fluid in a brown glass bottle and shut up in a reasonably 
light-tight cupboard. The two lots of sections stayed in their re- 
spective places for about ten days, during which time there was 
usually bright diffuse light in the window and, on a few days, bril- 
liant sunlight. One very dark day the L-set was exposed to the 
focussed beam of an arc light for a few minutes, a beam not power- 
ful enough to heat the fluid in the bottle. At the end of the ten-day 
period a number of sections were taken from each lot and bromurated 
by twenty-four hours’ immersion in 4 per cent NH4OH at room tem- 
perature followed by eight hours in 10 per cent HBr at 38°C in an 
incubator. While in ammonia the D-set was kept in the dark cup- 
board, the L-set in the window; while in HBr, both sets were of 
necessity kept in the dark, as the incubator had no glass door. 

Both lots were then impregnated respectively with silver diam- 
mino hydroxid and silver diammino carbonate, the complete technic 
for the procedure is given in the preceding paper.^ It was at once 
evident that the two lots behaved quite differently. Even before 
impregnation it was thought that the D-set had a yellower tinge 
and that the ammonia through which it had passed remained clearer 
than that in which the L-set had been exposed to light and in which 
there was a certain milky opalescence. After impregnation it was 
seen that the D-set became more intensely stained in both silver 
solutions, that it gave off clouds of a blackish precipitate in the buf- 
fered formahn developer (whereas the L-set did not) and that the 
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difference in the two sets treated with the carbonate was more 
noticeable than that in those treated with the hydroxid. 

In the carbonate the D-set became fox-red, with a browner medul- 
lary portion; the L-set became seal-brown and more diffusely im- 
pregnated, with less distinction between the gray and the white 
matter. At this stage, the difference was so marked that the two sets 
might be readily sorted out, the one from the other. In the developer 
they became more alike in their gross appearance and could no 
longer be readily distinguished, although the D-set was slightly 
darker than the L-set. In the gold toning bath the D-set grew more 
bluish violet while the L-set turned a brownish violet; h3rpo merely 
accentuated this slight difference. 

The final test came under the microscope, after the sections had 
been counterstained and mounted. It was seen that the D-sections 
were somewhat more distinctly impregnated with silver diammino 
hydroxid than were those of the L-set and the neurons were much 
more distinctly defined; otherwise there was but little choice be- 
tween them. 

The sections impregnated in silver diammino carbonate, however, 
were strikingly different; there was apt to be troublesome precipi- 
tate in the L-set and the impregnation of the oligodendroglia and 
microglia was decidedly poor, or altogether lacking. Liesegang^ 
would probably explain the precipitate by the production of false 
"reduction centers” (Silberkeime) by the action of light. Of the 
twenty-four D-sections impregnated in three separate groups in as 
many separate solutions of the carbonate (in order to rule out dif- 
ferences in making up the carbonate baths) every section of the 
set showed good impregnation of the oligodendroglia, while four 
gave unusually brilliant results; there was not a single failure. Of 
the fifteen sections in the L-set, on the other hand, impregnated in 
the same solutions at the same time and in the same manner as 
the others, seven utterly failed to demonstrate the oligodendroglia, 
two showed but indistinct shadowy forms of these, four impregnated 
them very slightly, and only two caught them at all well. In the last 
instance the processes were poorly impregnated, interrupted or 
stippled. In other words, to put the most charitable construction on 
the results, the D-set showed one hundred per cent of “takes” in 
the case of the oligodendroglia, while the L-set showed sixty per 
cent partial to complete failures and forty per cent quite worthless. 
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In order to collect further data on the effect of light upon sections 
to be impregnated with silver diammino carbonate, the same lots 
of sections used in the preceding experiment were kept in their re- 
spective bottles (one in the light of the \vindow and the other in the 
dark cupboard) until a month had elapsed. They were then im- 
pregnated with silver diammino carbonate in the same manner as 
those of the ten-day set, eleven slides being prepared from each lot. 
Under the microscope it was found that the results were quite 
similar to those just detailed; the light-exposed sections were 
strikingly inferior to those kept in the dark. Although the oligoden- 
droglia was no longer as precisely impregnated as it was in freshly 
cut sections or the ten-day D-set, it was readily recognizable in 
every one from the thirty-one-day D-set; nothing better than the 
faintest suggestion of cytoplasm and processes could be obtained 
in the case of the one-month L-set. The results were essentially 
one hundred per cent fair to good impregnation in the D-set, one 
hundred per cent poor to worthless in the L-set. Furthermore, there 
was such an increase in precipitation in the latter as to render it 
practically useless for this reason alone. It was evident, even when 
sections were kept in a brown bottle in the dark, that the impreg- 
nation of the oligodendroglia became less and less precise as time 
elapsed between sectioning and impregnating. As before, the astro- 
cytes remained relatively unaffected by long exposure to light, 
while the nerve cells occupied a position midway between these and 
the oligodendroglia in respect to their light sensitivity. 

While this is, of course, too small a series for decent statistical 
purposes, the result is so clean-cut that the deduction is sufficiently 
obvious; light distinctly affects the oligodendroglia. Added proof 
may be adduced from the result of observations made in many un- 
tabulated series of unsuccessful impregnations performed on sections 
kept in the light, during the carrying out of the experiments described 
in the paper already quoted. That one or two sections of the L-set 
should show some impregnation of these cells is readily explained 
by their having become folded or bunched in the fixative, one over- 
lying the other. Some of them were thus partially shielded from the 
light, while others received its full force. This assumption is further 
borne out by the fact that those sections in the L-set that did show 
impregnation of the oligodendroglia were distinctly “ spotty ; there 
were whole fields with no satisfactorily impregnated cells and then 
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there would be several where they showed partial or complete im- 
pregnation, Seven sections of the fifteen, be it remembered, showed 
no impregnation of the cytoplasm or processes of these cells, while 
every one of the twenty-four D -sections showed satisfactory or 
beautiful impregnation. 

The microgha cells seemed to share this idiosyncrasy for light, 
but the results in their case were less striking, probably because 
the technic was tempered to the oligodendroglia rather than to the 
microglia, which requires stronger solutions of the silver salts for 
satisfactory impregnation. 

Speculation as to what happens to the cytoplasm of the oligoden- 
droglia under the influence of light would be rather idle at this stage 
of the investigation; the fact remains that, through its action, these 
cells distinctly lose their capacity for reducing silver diammino 
carbonate to metallic silver. As the sets impregnated with silver 
diammino hydroxid showed somewhat better impregnation in the 
case of the D-set as compared with the L-set, we may infer as a gen- 
eral rule that one should store frozen sections of brain in brown, 
rather than in clear glass bottles, and in the dark rather than ex- 
posed to light. Apparently light does not permeate blocks of tissue 
very deeply, for the material used in this experiment had been kept 
in formalin in the window, exposed to all the light there was; one 
need not, therefore, be as careful of opaque blocks of tissue as one 
should be of translucent sections of brain. Obviously, caution would 
dictate the dark storage of brain tissue in preference to keeping it 
in the light. There has been a good deal of discussion as to whether 
impregnation should be performed in the light or in the dark, but I 
do not recall ever seeing any mention of the effect of light upon brain 
sections before their treatment with light-sensitive silver salts. 

Summary and Conclusions 

1. Frozen sections of brain tissue should be shielded from light 
before and up to the time that they are impregnated wnth silver 
salts. 

2. Light inhibits the impregnation of the oligodendroglia and 
microglia with silver diammino carbonate and produces troublesome 
precipitates in the sections. 

3. It does not appear to influence the impregnation of the macrog- 
lia materially. 
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4. It somewhat inhibits the impregnation of the cortical neurons 
with silver diammino hydroxid, after bromuration. This fact may 
be made use of by technicians desiring to suppress these cells and 
their dendrites and to accentuate the microglia by contrast. 


REFERENCES 

1. Foot, N. C. Comments on the impregnation of neuroglia with ammoniacal 

silver salts. Am. J. Path., 1929, v, 223. 

2. Liesegang, R. E. Die Kolloidchemie der histologischen Silberfarbungen. 

KoUoidchem. Bcihcfte, 1911, iii, 1. 



MULTIPLE FOCAL SPLENITIS OF GUINEA PIGS* 
William H. Feldman, D.V.M., M.Sc. 

{From the Division of Experimental Surgery and Pathology, The Mayo Foundation, 

Rochester, Minn.) 


The universal use of the guinea pig in laboratory experiments per- 
taining to bacteriology makes it significant to recognize and under- 
stand the spontaneous diseases of this animal. The predilection of 
Myohacieritwi tuberculosis and Bacterium tularense for the spleen 
following their experimental injection into the body of guinea pigs 
makes the recognition of spontaneous infection of this organ impera- 
tive if one is to avoid errors in the interpretation of splenic lesions 
following injections. 

During the last year I have observed a multiple focal type of 
splenitis in guinea pigs which, so far as I have been able to ascertain, 
has not heretofore been described. The disease was encountered 
largely among the unused or stock animals which were subjected to 
necropsy examination as a routine following spontaneous death. 
In three instances material was secured through the kindness of 
others who recognized the lesions in animals that had died following 
the injection of various pathogenic bacteria. Twenty-one cases of 
the disease were distributed throughout the year 1928 as follows: 
February, two cases; June, two cases; July, three cases; August, one 
case; September, two cases; October, nine cases; November, one 
case; and December, one case. Although only twenty-one cases were 
actually studied, it is quite likely that other cases occurred, since 
animals, that had died spontaneously and whose bodies were in an 
advanced stage of putrefaction were not examined. Data were not 
obtainable on the large number of guinea pigs from the stock pens 
which were used experimentally by various workers. 

Pathologic Changes 

Recognizable symptoms were not observed in any of the cases 
studied. A large stock of animals is maintained under the observa- 
tion of the attendant throughout the day, and sick or suspiciously 
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inactive animals are segregated at once. Most of the material 
studied was obtained from animals that apparently had died sud- 
denly, or during the night. Dead animals in which this condition 
has been found had usually been well nourished, and generalized 
demonstrable effects of a disease process were absent. 

Grossly the disease appears to be confined to the spleen which is 
usually noticeably enlarged and striking in appearance, oving to the 
presence of the large number of lesions. In the material examined, 
the lesions were of two general types. In eleven cases the spleen 
possessed enormous numbers of small grayish white foci, seldom 
measuring more than o.i cm. in diameter and usually much less 
(Fig. i). These projected slightly above the surface and w'ere found 
diffusely distributed throughout the body of the organ. In the re- 
maining ten cases the lesions were more variable in size, being from 
0.1 to 0.4 cm. in diameter and of a yellowish color. The surface 
lesions were less numerous, varying from a few to less than twelve 
in the respective spleens. In a few instances enormously enlarged 
spleens were observed without gross focal lesions, although sections 
examined microscopically revealed pathologic changes similar to 
those characterizing the spleens possessing gross alterations. 

The lesions were essentially those of focal necrosis, and a study of 
the respective spleens in which the disease was spontaneously present 
revealed all gradations of the necrobiotic process (Figs, i, 2 and 3). 
The majority of the lesions appeared to have had their inception in 
the splenic nodules, the normal elements of which become obliter- 
ated as the disease progresses. The earlier changes seem to be those 
of coagulation necrosis, while in the later stages the center of the 
lesions shows a marked tendency to caseate. As necrosis proceeds, 
polymorphonuclear and mononuclear leukocytes appear at the 
periphery of the lesion, and these cells eventually replace much of 
the necrotic substance. In the more advanced lesions the majority 
of the cells in the zone between the necrotic center and the periphery 
undergo striking retrogression and become clear, with nuclear ele- 
ments not discernible. The more chronic lesions become definitely 
circumscribed by a fibrous connective tissue capsule of variable 
thickness. In many of the lesions this fibrous structure had so fused 
as to present a hyaline appearance (Fig. 4). 

Smears made from the purulent material of the lesions and sections 
stained by gram’s method revealed moderate numbers of' gram 
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positive streptococci. Many sections were stained with carbol- 
fuchsin in an attempt to demonstrate the presence of acid-fast 
bacilli, with negative results. 

Experimental Methods 

Attempts were made to isolate the etiologic agent and to produce 
the disease experimentally. Many of the cases were unsuited for this 
phase of the investigation due to advanced postmortem changes, 
and, as a consequence, only thirteen of the cases were so utilized. 
The spleen was removed as aseptically as possible under the cir- 
cumstances, and a portion was macerated in sterile sodium chloride 
solution. The resultant emulsion was then strained through several 
thicknesses of sterile cheesecloth and at once inoculated into appar- 
ently normal guinea pigs from the stock supply from which the 
occasional cases of the disease were appearing. In most cases three 
animals were used, which were inoculated as follows: one received 
1 cc. of the emulsion intraperitoneaUy, one received i cc, of the 
emulsion subcutaneously, and one received 2 cc. of the emulsion by 
mouth. 

Cultures were not attempted from many of the experimental 
animals that died, because of advanced putrefactive changes. Of 
the thirty-three guinea pigs inoculated, twenty-five died at intervals 
of two to one hundred ninety-two days subsequent to inoculation, 
and eight were killed at the termination of the experiment. The 
eight that were killed had been inoculated at intervals of ninety- 
three to two hundred nine days previously. From the data ob- 
tained from the inoculation experiments several facts seem apparent, 
the most important of which are: 

1. In seven instances splenic lesions simulating those of the spon- 
taneous lesions were found grossly or microscopically. 

2 . The microorganism most frequently encountered in the ani- 
mals that died subsequent to inoculation was a gram positive strep- 
tococcus. Many of the strains were hemolytic in character. 

3- Purulent peritonitis was often induced by the intraperitoneal 
and subcutaneous injection of the emulsified inoculum. 

4- In only one instance in which the material was introduced 
orally were there abdominal lesions. This animal, which died after 
one hundred nine days, revealed multiple abscesses in the walls 
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of tlie intestinal tract, and gram positive streptococci were obtained 
from the lesions. Although the spleen was slightly enlarged, gross 
lesions were absent; microscopically typical chronic lesions of focal 
splenitis were present. 

5. Much variation seemed to exist in the pathogenicity of the 
infective material and in the susceptibility of the inoculated animals. 

6. The evidence suggests a non-specific gram positive pyogenic 
streptococcus as a possible etiologic agent in this condition. 

7. The exact portal of entry of the organisms responsible for the 
disease is obscure. 

Thinking that there might be some correlation in the occurrence 
of the spontaneous focal splenitis described and the not uncommon 
disease of guinea pigs known as “epizootic lymphadenitis,” “lumps,” 
“epidemic lymphadenitis” and “purulent adenitis” described by 
Boxmeyer,^ Holman,^ Hardenbergh,^ Meyer,’ Megrail and Hoyt,** 
necropsy was performed on sixty-five animals affected with purulent 
adenitis. The lot consisted of thirty males and thirty-five females. 
In eighteen cases the spleen was enlarged, but in none were there 
gross lesions comparable with those encountered in the spontaneous 
cases of focal splenitis. In five of the eighteen enlarged spleens, 
microscopic alterations typical of the chronic type of focal splenitis 
were observed. The incidence of focal splenitis was highest in 
October, 1928. In December, the necropsies were performed in 
which enlarged spleens were found in the eighteen animals. The 
possibility that the focal splenitis and the epizootic lymphadenitis 
existed simultaneously and independently is worthy of considera- 
tion. In support of the hypothesis that the diseases are separate 
entities are the necropsy data in thirty-one of the guinea pigs af- 
fected with purulent adenitis which were examined in April, 1929. 
In none of these was the spleen enlarged. This seems significant in 
view of the fact that cases of multiple focal splenitis had not been 
observed since the latter part of December, 1928. 

Comment 

According to Meyer, the spleen in the disease of guinea pigs desig- 
nated as pseudotuberculosis, due to a gram negative bipolar rod, is 
studded with whitish nodules. However, in pseudo tuberculosis “the 
enlarged mesenteric, iliac, periaortic and occasionally inguinal 
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lymph nodes are transformed into a mass of thick yellowish pus and 
fibrous tissue.” Abscesses are also present in the liver and may in- 
volve the kidneys and uterus. In the twenty-one animals from which 
material was obtained for this study the liver was not affected. The 
gross lesions in fact were confined entirely to the spleen. The patho- 
logic anatomy and the bacteriologic data seem sufficient to designate 
the two conditions as separate diseases. 

One must be cautious in interpreting the microscopic lesions in the 
spleen of the seven inoculated animals since it must be borne in mind 
that the animals used for the inoculations were from the same stock 
in which the spontaneous cases were appearing. For this reason the 
assumption that the splenic lesions which were found in the experi- 
mental animals had their etiologic inception from the inoculated 
material, does not seem warranted. Until lesions of the disease can 
be induced with some regularity by the adherence to a given pro- 
cedure, it would seem presumptuous to claim that the specific lesions 
have been produced experimentally. 

As further material is encountered it is proposed to make a de- 
tailed bacteriologic report of the microorganisms isolated. 

Summary 

Twenty-one cases of a spontaneous disease of guinea pigs which is 
characterized by a multiple focal type of splenitis, were studied. 
Morphologically the disease seems to be confined to the spleen and 
microscopically the lesions are those of focal necrosis. In an attempt 
to produce the condition experimentally, thirty-three guinea pigs 
were inoculated with emulsions of the lesions from thirteen of the 
cases. Twenty-five of the experimental animals died; the most fre- 
quent lesions were those of purulent or fibrinous peritonitis. From 
many of the inoculated animals which died, a gram positive strep- 
tococcus was obtained. The spleens of a few of the experimental 
animals possessed microscopic lesions similar to those observed 
spontaneously. The impossibility of ruling out spontaneous cases 
of the disease in the experimental animals makes it unwise to assume 
that the specific splenic lesions have been produced experimentally. 
For the same reason there does not seem to be any correlation 
between the condition known as purulent adenitis and the splenic 
disease described. 
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DESCRIPTION OF PLATES 
Plate 74 

Fig. I. Spontaneous splenitis. The multiple miliary character of the lesions is 
apparent. 

Pig. 2. Spontaneous splenitis. An early lesion with beginning necrosis. A 
peripheral fibrous zone has not developed, x 125. 
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Plate 75 


Fig. 3. Spontaneous splenitis. Multiple lesions of somcwliat difTcrent char- 
acter. The one on the left posse.sses a necrotic center; the cellular integrity 
of that on the right is still intact, x 150. 

Fig. 4. Spontaneous splenitis. The details of a typical lesion arc shown. The 
broad zone of encapsulating cells at the pcrijihery is characteristic. This 
has a tendency to undergo a hyaline change as the lesion progresses, x iSo. 
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THE DIAGNOSTIC RELIABILITY OF FROZEN SECTIONS * 


Wm. Carpenter ^IacCarty, M.D., F.A.C.P. 

{From the Section on Surgical Pathology, The Mayo Clinic, Rochester, Minn) 

The words “frozen sections” have been heard for many years by 
some pathologists with a certain feeling of reluctance, distrust, or 
indifference. Certain pathologists who have not had a large personal 
experience with all methods of preparation of tissues frequently have 
approached the subject rather apologetically. Despite this attitude 
of mind, the method of making frozen sections is at least twenty- 
three years old, and its reliability has been well tried out here on 
208,2 55 surgical specimens including 28,833 carcinomas. 

There are several reasons why some pathologists have failed to 
realize the value of frozen sections. Such sections are made to best 
advantage from perfectly fresh, unfixed tissues. Their application 
to necropsy material or to material which has stood longer than half 
an hour is not very satisfactory. It has been difl&cult to obtain good 
stains; the best is Unna’s polychrome methylene blue (Gruebler’s) 
or Terry’s recent modification of this stain. Before the World War 
there was no difficulty in obtaining good stain. During and after 
the War, stain was made in the laboratories of the clinic; for the last 
three years Terry’s modification of this stain has been used. The 
stain does not make the diagnosis; it merely saves time in finding 
the cells. A well trained cytologist could make the diagnosis without 
stain. 

It must be remembered that most pathologists see very little fresh 
tissue. They are quite naturally and Justly wedded to paraffin and 
celloidin sections. With the material they have had, their technique 
has been admirable but their studies have been limited largely to 
the low powers of the microscope. Perfectly fresh unfixed tissues, 

on the other hand, may and should be studied with oil immersion 
lenses. 

There are many tests of the diagnostic and prognostic reliability 
both of imfixed and of fixed frozen sections: Let us suppose, for ex- 
ample, that a surgeon removes a lymph node from the region of the 
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cecum or sigmoid and the report, based on a fresh, unfixed frozen 
section, is that the tissue is malignant. If the condition in the re- 
sected cecum turns out to be tuberculosis or the condition in the 
sigmoid, diverticulitis, how long do you think the surgeon would 
keep his pathologist? Suppose the surgeon removed a lymph node 
from the neck and the patliologist reported it to be tissue from a case 
of Hodgkin’s disease or of l3miphosarcoma and the lymph nodes were 
excised and found to be tuberculous; again, how long would the 
pathologist hold his position? If a specimen obtained by biopsy from 
a bone tumor were reported to be from malignant tissue and the con- 
dition were, after amputation, found to be chronic osteomyelitis, or 
perhaps syphilis, how long would the surgeon continue to have faith 
in the pathologist’s ability? Suppose the surgeon curetted a uterus 
and the curetted specimen was reported to be from a malignant 
growth, and on hysterectomy nothing but a polyp or an hypertrophic 
endometrium was found, how good would the pathologist’s reputa- 
tion be in the minds of his clinical confreres? 

It happens occasionally that a pathological diagnosis that is 
negative for malignancy is followed by the removal of malignant 
tissue, but this is no fault of the pathologist since he can examine 
only that tissue which is given to him and it may not contain any- 
thing that is malignant. 

Frozen sections of fresh, unfixed tissue are so reliable in the hands 
of a well trained pathologist that he can make the diagnosis of a 
malignant condition, correctly, from a single cell. This may seem 
impossible; in fact a well known pathologist with very little experi- 
ence with fresh tissue told me that it could not be done. The cor- 
rectness of the statement that it can be and is being done has been 
proved. Without the pathologist having any knowledge of the speci- 
men or the patient, a colleague, assistant, or technician may place a 
single ceil under the oil immersion lens and may ask the pathologist 
to make a diagnosis. Let us suppose the cell is in a peripheral sinus 
of a lymph node, as frequently occurs. Such nodes are 'often re- 
moved so that the surgeon may know whether or not a mass is 
malignant and just how extensive it is if it is malignant. The report 
is that the condition is malignant and the surgeon resects the mass; 
the resected specimen must show the carcinoma if tte original re- 
port were correct. In my own e:q)erience it has never failed. There 
are two more examples out of many which might be related. Sup- 
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pose the test specimen is from the uterus and the report is that the 
tissue is malignant. I have never seen a benign uterus removed after 
such a report. Suppose it was from a bone tumor and an amputation 
followed. I have never seen an amputated leg or arm, or any portion 
of these, that did not show malignancy to be present after such a 
cellular diagnosis. 

There is another test of the accuracy of the method which un- 
fortunately requires years to carry out. The cytologic method of 
diagnosis has been used for more than eleven years, and hence there 
has been enough time to carry it out in many cases. Let us suppose 
that one, or a few, of the malignant cells are found in a case of 
chronic mastitis or in a chronic gastric ulcer and are recorded as be- 
ing malignant and the subsequent histories of the patients are fol- 
lowed. What might be expected? Some of the patients would be 
cured, or at least would be alive for more than eleven years, and we 
would not know whether the pathologic diagnosis was correct or 
not; but some of these patients actually return with recurrence of 
the malignant condition despite radical treatment. In a stud y of 
frozen fresh tissue comprising eight hu ndred sixty-nine freshl y 
resected or excised gastric ulcers, 4.4 per cent contained the “malig- 
nant cell” inside of the gastric tubule and 5.2 per cent, inside, or just 
outside in the immediate stroma. Seven and five-tenths per cent of 
the first group of patients are dead of unknown causes and 15.2 per 
cent of the second group are known to be dead of carcinoma within 
the eleven-year period of study. 

There are many other instances of the subsequent or postoperative 
history revealing the reliability of diagnosis by means of study of 
fresh, unfixed and fixed, frozen tissue. I bring the subj’ect to the 
attention of pathologists merely to emphasize three points: 

1 . Surgeons and other clinicians know the value of frozen sections 
and have depended heretofore on professors of pathology to furnish 
candidates for positions in surgical pathology. Such surgeons are 
going ahead with the use of frozen sections despite the apathy of 
many general pathologists and are going to develop their own path- 
olo^sts who may sooner or later become divorced, unfortunately, 
from the field of general pathology. 

2. Pathologists, if interested at all in tissues, are missing a great 
opportunity to see cells as they are; they are failing to improve their 
understanding of their own subject. 
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3. By their lack of clinical interest and failure to utilize fresh 
tissues they are rapidly becoming thought to be less efficient as 
microscopic diagnosticians. 

My plea is that pathologists open their eyes to a method which 
will startle them after a httle practice. “I have never seen such 
beautiful cells” is the usual comment when properly made frozen 
sections are demonstrated to pathologists who are accustomed to 
seeing only embedded material. 
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Plate 76 

Fresh unfixed and formalin-fixed frozen sections. 














Platk 77 

Fresh unfixed and fornudin-fixed sections. 
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THE PATHOLOGY OF HEMANGIOMA OF BONE* 

Paul C. Bucy 

{From the Department of Surgery, University of Chicago, Chicago, III.) 

The number of cases of hemangioma of bone described in the lit- 
erature is rather small and the amount of pathological detail re- 
markably scanty. It is for this reason that we are undertaking here 
to describe the findings in the seven cases which we have been for- 
tunate enough to study although we are well aware of the limitations 
of our material. In most of the instances only one slide stained with 
the usual hematoxylin and eosin is available and in the other cases 
the amount of tissue removed at operation is very small, usually 
only a biopsy having been performed. As the clinical histories and 
roentgen findings have been given completely in a recent article 
(Bucy and Capp ^ we shall limit ourselves here to the presentation 
of the cases in a tabular form (Table I) and the pathological find- 
ings will be presented as a general discussion rather than detailed 
description of the individual case. 

Clinically hemangioma of bone is rare. In all we have been able 
to collect from the literature and our own cases only thirty-nine in 
which symptoms relative to it were present. Thirteen of these 
were located in the skuU, twelve in the vertebrae and fourteen in 
other bones of the body, no one of which showed any predominance 
in frequency of involvement. 

On the other hand, Tbpfer^ has recently demonstrated that 
hemangioma of the vertebrae is a common pathological finding. By 
careful routine studies in which he sectioned the vertebral column 
2 ji 54 bodies at autopsy, he demonstrated that hemangiomas were 
present in 257 cases or 11.93 cent. These varied greatly in size, 
from a pea up to complete involvement of the entire vertebral body. 
But in no case was there any history of symptoms referable to the 
lesion. Doubtless if similar studies of the other bones of the body 

Four of the seven cases included in our study were kindly furnished from the 
one Sarcoma Registry of the American College of Surgeons. 
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were made many small hemangiomas would be found lying dormant 
wdthin the bone. 

As will be noted in Table I, as well as in the cases reported by 
other authors, females are a little more often affected than males, 
about in the ratio of 55 to 45. There seems to be a definite increase 
in frequency during the fourth and fifth decades of life altliough 
hemangiomas of bone have been found to be congenitally present 
in the new born (Stamm and have been found in the bodies of in- 
dividuals 90 years of age (Makrycostas'*). 

In many cases multiple lesions exist involving cither other bones 
of the body or some of the internal organs. Such cases have been 
described, especially by Brandt ® and Stamm. The liver is the organ 
most frequently involved by multiple hemangiomas. In the case of 
hemangioma of the vertebra several vertebral bodies are often af- 
fected simultaneously, 13.2 per cent of Uie cases in Topfer’s series. 

Hitzrot ® states that hemangiomas in tlie long bones usually arise 
near or at the epiphysis. This is in accord with our observations. 
However, his statement that hemangiomas arising in the cranial 
bones usually lie near the suture lines does not seem to be correct. 
In Case 4 the lesion was a little posterior to the center of the parietal 
bone. 

Grossly the lesion is characterized by a swelling of the bone which 
is usually of bony hardness although in a few cases the center is soft 
and on examination of the patient this soft center is found to pulsate 
(Mauguiere and Zajaezkowski ”). These few cases have occa- 
sionally been confused clinically with so-called bone-aneurysm. 

If the tissue is incised at operation the hemorrhage is usually so 
profuse that the surgeon is unable to see the true appearance of the 
tumor. It can be determined only that there are numerous fine 
bony trabeculae which are quite friable. If such lesions are examined 
after removal they will be found to consist of a very vascular tissue 
lying between the bony trabeculae. Two other types have been 
mentioned. The tumor removed by Hitzrot had a cystic center 
which contained a straw-colored mucoid fluid. The wall of this cyst 
was lined by organizing blood clot beneath which lay the cavernous 
hemangioma. Such changes in hemangiomas of bone are apparently 
uncommon, but have been frequently reported in cases of hemangio- 
mas elsewhere, especially in the cerebellum (Cushing and Bailey 
The other type is like that of Case 6, which was operated upon by 
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Aslihurst, in which the tissue was not particularly vascular and had 
the appearance of currant jelly. These cases apparently are very 
uncommon. We have found no similar cases reported. Hitzrot de- 
scribed a type which he calls “ossifying” and of which the case of 
Lticke is given as an example. However, ossification seems to be 
common to all cases of hemangioma of bone. 

Of more importance is the fact that although these tumors are 
frequently found to have broken through the cortex of the bone, the 
periosteum which has become stretched over the surface of the 
tumor is unbroken. Cases 5 and 7 were excellent examples of this 
as will be seen in Fig. i. 

Microscopically the different tumors have an essentially similar 
structure but certain variations are seen. For the most part the 
tissue is composed of large cavernous spaces which contain blood 
cells and are lined with a layer of flat endothelium. The intervascu- 
lar tissue is loose and rather acellular. The cells are usually spindle- 
shaped, but some are stellate. The nuclei are ovoid and contain but 
a small amount of diffusely scattered chromatin. The stroma of 
connective tissue consists of a loose network of fibers varying greatly 
in amount. In the tumors reproduced in Fig. 2 it is scanty, while 
in that shown in Fig. 3a it is very abundant. Occasionally large 
round cells with small pyknotic nuclei and vacuolated cytoplasm are 
seen. These cells are the so-called “foam cells,” and are undoubtedly 
undergoing fatty degeneration. In the same areas can usually be 
seen cells whose cytoplasm is occupied by one or two large globules, 
while in the surrounding tissue, often in the center of a group of 
these degenerating cells, can be seen globules of fat lying loose among 
the fibers. In such places there are very few or no cells present. 
There are often a few small collections of true fat cells. We have 
never seen a case in which these groups were large or abundant. 
However, both Makrycostas and Topfer mention cases in which 
there is such a large amount of adipose tissue present that the term 
hemangiolipoma is warranted. BaUance “ states that in the case he 
examined only a small amount of lipoid tissue was present. 

In Case i, cells which we interpret as remnants of the destroyed 
myelogenous tissue are present. These cells have a small, rather 
compact deeply staining nucleus with a large, rounded cytoplasm 
which contains granules. By specific methods these granules take 
the basophilic stain in some cells and the eosinophilic in others. We 
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believe that these are true myelocytes. We have been unable to 
find any reference to the finding of such cells in the cases of heman- 
gioma of bone previously reported. 

The lining of the vascular spaces as we have previously stated is 
generally a single layer of flattened endothelial cells, quite compar- 
able to those seen in normal vessels. Such is apparently the rule in 
these cases (Mauguiere, Ballance, and Perman,^® etc.). However, in 
one instance (Case 5) the cells are much thicker and the nuclei take 
a deeper stain. Occasionally places are seen where the lining is two 
or three cells in thickness instead of one. In this case we have seen 
no examples of proliferation of the cells out into the lumen such as 
to occlude it or to form a papillary growth into it. No endothelial 
hyperplasia beyond that just mentioned has been seen. 

The vessels are usually large cavernous spaces which throughout 
the series of cases are more or less constant in size. In the case re- 
ported by GuiUain, Decourt, and Bertrand,^® they were stated to be 
3 to 4 mm. in diameter. However, in one instance, a hemangioma 
of the lower end of the ulna (Case 5), the vessels are much smaller, 
the lumina corresponding to those of capillaries (Fig. 3Z)). We have 
been unable to find another example of a capillary hemangioma in- 
volving bone. Nauwerck called his case a capillary angioma al- 
though it was obviously composed of cavernous spaces. The same 
is true of the case reported by Ballance. 

Microscopically the bony trabeculae within the hemangioma show 
two changes, degenerative and formative. The degenerative changes 
are manifest in two ways, both of which seem equally prevalent, 
necrosis and absorption. In almost any section of a hemangioma of 
bone can be seen spicules of bone definitely undergoing necrosis 
(Fig. 4a). They are granular, poorly stained and contain no cells or 
lacunae. Also there are to be seen many spicules with depressions 
along their surfaces in which can be seen large multinucleated osteo- 
clasts destroying the bone (Fig. 4&). 

The formative changes are also divided into two groups. The 
more common of these is evidenced by the many spicules of newly 
formed bone about whose surface can be seen a closely packed layer 
of osteoblasts (Fig. 5^). The less common is the transformation of 
fibrocartilage into bone. Strips of fibrocartilage are seen from the 
edges of which project spicules of newly formed bone. Over the 
surface of the vertebral arch in Case i, between the bone and the 
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muscle is a layer of fibro cartilage. Toward the side of the muscle it 
gradually passes over into fibrous connective tissue to which the 
muscle is attached. On the other side the cartilage shows a gradual 
transition into osteoid tissue and then into bone (Fig. 56). This 
would seem to explain the means by which the bone extends at the 
surface if one may generalize from the study of hemangioma of the 
vertebrae. 

Various stages of these changes in the bone itself have been ob- 
served by other workers. Mauguiere states that in the case of heman- 
gioma of the clavicle which he studied incomplete calcification of 
osteoid masses was observed. Topfer, in studying his cases of heman- 
gioma of the vertebrae, saw absorption of bone by osteoclasts as well 
as the formation of bone by osteoblasts which formed a layer along 
the bony trabeculae, just as we have observed in our cases. How- 
ever, no one has noted the generation of bone by the ossification of 
strands of fibrocartilage unless Mauguiere’s statement can be so in- 
terpreted. Birch-Hirschfeld saw a large amount of cartilaginous 
tissue in the case he reported but noted no ossification of it. It is 
not surprising that Topfer did not observe this process on the sur- 
face of the vertebral arch in any of his cases, as the hemangioma was 
limited to the vertebral body in almost all cases, involved the verte- 
bral arch in only three instances and in none was the hemangioma 
large enough to produce s5miptoms. The bony changes in the case 
of heman^oma of the humerus observed by Ballance are unique. 
In his case, although the hemangioma was limited to the shaft of 
the bone, there was marked absorption of the cortex which was 
demonstrable radiologically as well as very evident in the gross and 
microscopic preparations. No similar examples are to be foimd in 
the literature. 

There is nothing in our experience which throws any light upon 
the etiology of these lesions and as a result we do not feel capable 
of deciding whether these lesions are neoplasms or vascular malfor- 
mations. Clinically they are certainly benign tumors and micro- 
scopically there is no evidence of malignancy. Mitotic figures are 
never seen and the stroma is quite acellular, loose and fibrous. Cer- 
tainly we are dealing with a benign, slowly growing tumor mass that, 
as a result of its presence and growth, produces a characteristic 
reaction in the bone in which it arises or which it invades. As we 
have previously pointed out (Bucy and Capp) there is no reason to 
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conclude that the changes within the bone itself, both destructive 
and formative, are a primary part of the neoplastic process, while 
there is every reason to believe that the changes are only secondary 
reactive phenomena. 
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Plate 79 

Fig. I. Case 7. Hemangioma of clavicle on cut surface. (The saw has broken 
the cortex in the upper right comer.) Note the complete destmction of 
the cortex of the bone and the expanded but intact periosteal covering. 

Fig. 2. (a) Case 2. Hemangioma of scapula. Hematoxylin and eosin. x 70. 

(6) Case i. Hemangioma of vertebrae. Note the small amount of in- 
tervascular connective tissue, its loose relatively acellular character. The 
single layer of flat endothelial cells is evident. Hematoxylin and eosin. 
X 85. 
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Plate So 


Fig. 3. (a) Case 3. Hemangioma of ilium. Large amount of connective tis- 
sue between the vascular sinuses. Hematoxylin and eosin. x 85. 

(b) Case 5. Hemangioma of ulna. Small capillarj’- spaces with thick 
endothelial lining and a small amount of supporting connective tissue. 
Hematoxylin and eosm. x 85. 

Fig. 4. {a) Case 3. A necrotic spicule of bone, x 85. 

{b) Case i. A multinucleated giant osteoclast resting in a depression 
in a bony spicule, x 275. 

Fig. 5. (a) Case 7. Spicule of bone surrounded by a layer of osteoblasts. 
Hematoxylin and eosin. x 85. 

{b) Case i. Surface of the vertebral arch showing normal bone with 
underlying normal marrow below and above it a gradual transition through 
bone, osteoid tissue, fibrocartUage, and finally fibrous connective tissue. 
The latter is not shown here, x 85. 
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CONGENITAL MALFORMATION OF HEART WITH ANOMALOUS 
INSERTION OF PULMONARY VEINS, ABSENCE OF SPLEEN, 
SITUS INVERSUS OF ABDOMINAL VISCERA AND OTHER 
DEVELOPMENTAL ERRORS * 

Report of a Case 

C. H. Hu, M.D. 

(From the Deparimcni of Pathology, Peking Union Medical College, Peiping, China) 

It is generally recognized that congenital malformation of the 
heart is frequently associated with abnormal development of its 
great vessels and occasionally with anomalies in other organs. In 
the following case the combination of cardiac malformation and 
other abnormalities is so unusual that a report of the case seems 
warranted. 

Case Report 

Clinical History: Baby Y, male, 7 months old, was suddenly 
seized with convulsions on Nov. 14, 1925, and died on the way to 
the Peking Union Medical College Hospital. There was nothing 
important in his past history except that whenever he cried his lips 
turned blue. 

Necropsy 

Gross Examination: This shows a well developed and nourished 
male Chinese infant, weighing 7,850 gm. The anterior fontanelle is 
open, 3 by 4 cm. in size, and the posterior fontaneUe is closed. Eyes, 
ears, nose and mouth are normal. No teeth are present. Chest and 
abdomen are normal. There is marked clubbing of finger and toe 
nails. 

Peritoneal Cavity: No free fluid nor adhesions are present in the 
peritoneal cavity. The surfaces are smooth and shining. The po- 
sitions of the abdominal organs correspond to the mirror image of 
the normal. The liver edge is 5 cm. below the left costal margin and 
4 cm. below the right costal margin. The gall bladder is hidden 
under the liver, its tip just reaching the lower edge of the liver in the 
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midline. The round ligament is in the left upper quadrant. The 
stomach, moderately contracted, is found under the hver in the right 
upper quadrant. The ascending colon is on the left side of the ab- 
dominal cavity and the descending colon on the right, both attached 
to the mesocolon instead of to the abdominal wall. The appendix, 
6 cm. long is shifted to the middle of the lower abdomen. The tail 
of the pancreas points to the right. No spleen is found. The mesen- 
teric lymph nodes are enlarged and congested. The diaphragm 
reaches the level of the 5th intercostal space on each side. The in- 
ferior vena cava is on the left side of the vertebral column and the 
abdominal aorta on the right. 

Pleural and Pericardial Cavities: Normal. 

Heart: The heart is distinctly larger than normal. Viewed an- 
teriorly when the organ lies in situ (Fig. i) the surface is smooth, 
showing no evidence of interventricular groove. The apex is very 
broad and rounded. Between the auricular appendages at the base 
lies the ascending portion of the aortic arch. The pulmonary artery 
is not seen. On lifting up the apex and throwing the heart upward 
and backward (Fig. 2) two superior venae cavae are seen, one right 
and one left, each emptying into its respective auricle. The inferior 
vena cava opens into the postero-inferior aspect of the right auricle. 
The pulmonary artery is smaller than usual and has its origin pos- 
terior to that of the aorta (Fig. 6). None of the pulmonary veins is 
found to enter the heart directly. On the posterior surface of the 
large ventricle there is a small crescent-shaped area surrormded by 
a zone of fat tissue, suggesting the external surface of a rudimentary 
right ventricle which, however, is not present. The right auricle is 
much dilated (Fig. 3). The interauricular septum which forms the 
left wall of this auricle, is incomplete. It is represented by a small 
band of tissue bridging the auricle anteroposteriorly and almost 
horizontally. It is attached to the anterior auricular wall at the 
auriculoventricular junction and to the posterior auricular wall mid- 
way between the openings of the right superior vena cava and the 
inferior vena cava (Figs. 3, 4 and 5). The right auricle has five 
openings: (i and 2) the two interauricular foramina, (3) the opening 
of the right superior vena cava, (4) the opening of the inferior vena 
cava, and (5) the amiculoventricular opening. Each of the two 
interauricular foramina, which are one above the other, is about 
1.5 cm. in diameter. The upper one is above the band of the de- 
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fective interauricular septum and the other below. The opening of 
the right superior vena cava is on the right side of the upper foramen, 
looking into both the right and the left auricles. The opening of the 
inferior vena cava is on the right side of the lower foramen, also 
looking into both the right and the left auricles. The auriculoven- 
tricular opening is guarded by a valve consisting of two cusps not 
well formed but probably competent. The left auricle is smaller 
than the right. At its upper border is the opening of the left superior 
vena cava, and in its posterior wall is that of the coronary sinus 
fFig. 5). There is no direct communication between the left auricle 
and the ventricle. The blood in the left auricle must pass through 
the interauricular foramina into the right auricle before reaching 
the ventricle. The ventricle consists of a single chamber narrow 
anteroposteriorly but wide laterally. There are several large papil- 
lary muscles extending from the broad apex upward and backward. 
This ventricle has three openings; (i) the auriculo ventricular open- 
ing already described, (2) the opening of the aorta, and (3) the open- 
ing of the pulmonary artery. The aorta arises from the left ven- 
tricular base and has three normal cusps (Fig. s). The pulmonary 
artery originates directly behind the aortic opening. It is much 
smaller than normal and has a very thin wall like that of a vein. 
The pulmonary valve is a small fimnel-shaped structure with its 
convex surface on the arterial side. In its middle is the pulmonary 
opening the size of a pin-point (Fig. 7). The infundibulum is narrow 
but its musculature is hyperplastic. 

Arteries: There are two coronary arteries, the anterior and the 
posterior. The anterior coronary artery (corresponding to the nor- 
mal left coronary artery) arises from the aortic wall on the left side, 
just behind the left aortic cusp (Fig. $), and passes downward to the 
anterior surface of the ventricle (Fig. i). The larger posterior cor- 
onary artery (corresponding to the normal right coronary artery) 
arises from the posterior part of the aortic wall behind the posterior 
aortic cusp (Figs. 5 and 6). It passes downward for a few millimeters 
and then gives oS three branches (Fig. 6) : (i) the left branch, ex- 
tending to the left along the auriculoventricular groove and down- 
ward toward the apex on the left side of the posterior surface, (2) the 
auricular branch, and (3) the right branch which forms a semicircle 
around the right half of the auriculoventricular groove. From its 
proxunal portion, it ^ves off two branches each of which passes 
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forward to the anterior surface of the heart (Fig. i). The ductus 
arteriosus is not found. The pulmonary artery divides into left and 
right branches which pass directly into the lungs (Fig. 2). From the 
aortic arch there arise three branches in the order given: (i) the in- 
nominate artery which is unusually short, (2) the left common 
carotid artery and (3) the left subclavian artery (Fig. i). Between 
the innominate and the common carotid are two very small twigs, 
one in front of the other. .They are not over | mm. in diameter and 
pass straight upward (Fig. i). They are probably the thyroidea ima 
arteries. The descending aorta is found on the right side of the spinal 
colximn. The celiac axis, the gastric, splenic and left gastro-epiploic 
arteries are absent. The superior mesenteric artery arises just a little 
below the level of the renal arteries (Fig. 9). It passes downward 
behind the duodenmn, where it divides into two branches, the gas- 
trohepatic and the duodenal. The gastric branch runs along the 
greater curvature of the stomach and sends a few small twigs into the 
pancreas. The hepatic branch bifurcates shortly before it enters the 
liver. The left branch, just before entering the liver, sends off a 
small twig into the wall of the gall bladder. The duodenal artery is 
much shorter and smaller than the gastrohepatic and supplies only 
the duodenum. The proximal half of each hypogastric artery is 
patent. 

Veins: There are two transverse pulmonary veins, one above the 
other (Fig. 2). The upper one which receives blood from all the 
lobes of both lungs, has no external connection whatever but is con- 
nected with the lower transverse vessel through anastomosing vessels 
in the lung tissue. The lower transverse vessel joins with the large 
gastric vein along the left side of the lower part of the esophagus and 
the lesser curvature of the stomach. This gastric vein joins in turn 
with the portal vein just before the latter enters the liver (Figs. 2 
and 10) . Thus the blood from the pulmonary vein must pass through 
the liver before it reaches the heart again. The left descending and 
ascending azygos veins join together at the level of the fifth thoracic 
vertebra and empty into the left superior vena cava (Figs, i and 2). 
The right ascending azygos vein passes upward and joins the left 
azygos before the latter enters the left superior vena cava. The con- 
nection between the five or six right upper intercostal veins and the 
right superior vena cava was unfortunately destroyed at necropsy. 
The left and the right mammary veins empty into their respective 
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superior venae cavae. The inferior vena cava is found on the left 
side of the spinal column but as it passes through the fissure on the 
left of the Spigelian lobe of the fiver it takes a sharp turn toward the 
right and receives blood from the three hepatic veins (Fig. lo). It 
then passes through the opening in the diaphragm and enters into 
the right auricle at its base. The right renal vein crosses the aorta 
on its anterior surface (Fig. 8). The right spermatic vein empties 
into the right renal vein. 

Lungs: Each lung has three lobes. 

Liver: The size of the fiver is normal and its shape rectangular 
(Fig. 12). The left lobe is thick with rounded edges, while the right 
lobe is thin and can be rolled upon itself. There is no caudate lobe. 
The tip of the Spigelian lobe points upward and backward. The 
quadrate lobe is represented by a slight swelling on the lower part 
of the posterior surface of the left lobe. The fissure for the inferior 
vena cava is on the left of the Spigelian lobe and the fissure of the 
ductus venosus is on the right. Below the transverse fissure is the 
wide, shallow fissure for the gaU bladder which is on the right of the 
swelling of the quadrate lobe. No umbilical fissure is found exter- 
nally, but when the swelling of the quadrate lobe is cut through, a 
canal is exposed containing the round ligament. 

Gall Bladder and Bile Ducts: They are normal. 

Pancreas: The position of the pancreas is reversed, with its head 
pointing to the left and its tail to the right. The pancreatic duct 
opens separately into the duodemun at a point about 1.5 cm. above 
the ampulla of Vater (Fig. ii). 

Gastro-Infestinal Tract: The esophagus is normal. Its position 
is slightly shifted to the right; but its relation to the trachea is not 
changed. The stomach is transposed to the right. The small and 
large intestines show very prominent Peyer’s patches and lymph 
follicles. 

Adrenal Glands: The left adrenal gland is triangular and is at- 
tached to the inferior surface of liver. The right is crescent-shaped - 

Diaphragm: The aortic opening in the diaphragm has shifted 
slightly to the right. The esophageal opening is directly in front of 
the aortic opening. The opening for the inferior vena cava is on the 
left of the esophageal opening. 

Thymus: The thymus weighs 24 gm. and measures 5.5 by 5.5 by 
r.8 cm. 
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Lymph Nodes: The cervical and other peripheral lymph nodes are 
normal in appearance. The mesenteric and the retroperitoneal nodes 
are markedly enlarged. 

Other Organs and Tissues: Kidneys, testes, brain, pituitary gland 
and bone marrow of femur are normal. 

Histology: Microscopic examination shows no change of impor- 
tance, except for the hyperplasia of the lymphoid tissue in thymus, 
tonsils, and the small and large intestines. 

Summary of Findings 

Congenital malformation of the heart consisting of one imper- 
fectly separated auricle and one common ventricle; patent septum 
primum and secimdum; transposition of pulmonary artery and 
aorta; h3^oplasia of pulmonary artery; persistent left superior vena 
cava, non-development of innominate vein; anomalous drainage of 
the pulmonary veins into the portal circulation; anomalous drainage 
of the azygos veins into the left superior vena cava; situs inversus of 
all abdominal organs; absence of celiac axis and anomalous origin of 
the gastrohepatic and duodenal arteries from the superior mesen- 
teric; patent hypogastric arteries; malformation of the left lung; 
absence of spleen; hyperplasia of mesenteric and retroperitoneal 
lymph nodes; persistence of ascending and descending mesocolon; 
anomalous insertion of the pancreatic duct into the duodenum. 

Comment 

There are several features in this case on which brief comment 
may be made. The malformation of the heart is very marked. Al- 
though functionally the heart is biloculate, morphologically it is an 
^ imperfect triloculate heart. The common auricle is incompletely 
divided into left and right by a narrow band of tissue representing 
the septum primum the development of which stopped at the stage 
when both the ostium primum (interauricular foramen) below and 
the ostium secundum (foramen ovale) above were present. The 
septum secundum has never developed. This imperfect formation 
of the interauricular septum may be secondary to the failure of the 
pulmonary vein to insert into the auricle. The persistence of the 
common auriculoventricular orifice is due to the arrested develop- 
ment of the endocardial cushions associated with the non-appearance 
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of the interventricular septum. The left superior vena cava repre- 
sents the persistent left common cardinal vein. The normal anasto- 
mosis between the left and the right anterior cardinal veins, which 
later form the left innominate vein, has failed to develop. The pul- 
monary artery is abnormal both in the degree of its development and 
in its relation to the aorta. The rudimentary condition of the valve 
is ordinarily described as pulmonary atresia and is consequent upon 
the non-appearance of the interventricular septum, as a result of 
which most of the blood in the common ventricle empties into the 
aorta. The origin of the pulmonary artery from the posterior aspect 
of the aorta and its direct course to the lungs can be ascribed to the 
failure on the part of the endocardial folds of the bulbus cordis to 
form the usual spiral arrangement. This causes the bulbus to retain 
its early embryological straight form, resulting in the transposition 
of the aorta and the pulmonary artery. In this case the transposed 
vessels are connected with the common ventricle and, in the absence 
of the interventricular septum, it is difficult to determine whether 
this transposition might be “corrected” or “uncorrected.” The 
anomalous drainage of the pulmonary veins into the portal system 
is one of the most interesting findings in this case. In order to under- 
stand this unusual phenomenon it is well to refer to the observations 
of BuelP on the development of pulmonary vessels in chick em- 
bryos. He finds that in the dorsal endothelial wall of the sinus 
venosus at the level of the developing lung bud in the chick embryo, 
there is a proliferation of angioblastic cells extending dorsad until 
the ventral surface of the gut is encountered. They then grow in all 
directions over the ventral surface of the gut, contributing to the 
formation of the splanchnic plexus. This plexus, when fully de- 
veloped, can be divided roughly into two groups: (i) the group 
which persists, forms coimection with the sinus venosus and later 
develops into pulmonary veins and (2) the group which forms the 
cranial and postcaval portions of the splanchnic plexus, and quickly 
disappears. Occasionally, however, some of the postcaval connec- 
tions of the splanchnic plexus may persist, while the normal con- 
nection between the plexus and the sinus venosus may fail to de- 
velop. This results in an absence of connection between the heart 
and the pulmonary veins, and the formation of a new connection 
between these veins and the portal system as in the case here de- 
scribed. The absence of spleen has been found in other cases in 
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association with malformation of the heart and anomalous insertion 
of the pulmonary veins. Sometimes, instead of the spleen, other 
organs, such as the kidney, may be absent. The pancreatic opening 
into the duodenum represents that of the dorsal pancreatic duct 
(duct of Santorini), which in this case persists. The ventral duct 
and its opening in the ampulla of Vater are not found, suggesting 
that probably the ventral pancreas has never developed. 
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DESCRIPTION OF PLATES 


Plate 81 

Fig. I. Diagram showing the heart and the relation of its big vessels. The 
lungs are retracted. Anterior view. 

Fig. 2. Diagram showing the vessels of the lungs and the connection of the 
pulmonary veins with the gastric vein. 

KEY TO THE PLATES 


A Aorta. 

A. B Auricular branch of posterior cor- 

onary artery. 

A. C. A. ... Anterior coronary artery. 

A. C. A. O. . Opening of anterior coronary ar- 


tery. 

A. V. V. ... Auriculoventricular valve. 

Az. V Azygos vein. 

Amp. V Ampulla of Vater, 

C. D Cystic duct. 

Com. D. . . . Common duct. 

C. S Opening of coronary sinus. 

Cy^. A Cystic artery. 

D. A Duodenal artery. 

Diaph Diaphragm. 

Duod Duodenum. 

Eu. V Eustachian valve. 

F. G. B. ... Fissure for gall bladder. 

G. E. A. ... Gastro-epiploic artery. 

G. E. V. ... Gastro-epiploic vein. 

G. H. A. ... Gastrohepatic artery. 

G. V. Gastric vein. 

H. A Hepatic artery. 

H. V Hepatic veins. 

I. M. A. ... Inferior mesenteric artery. 

I. V. C Inferior vena cava. 

I. V. C. O. , Opening of inferior vena cava into 

right portion of the common auricle. 


In. A Innominate artery. 


L. A Left auricle. 


L. Anas Anastomosis between pulmonar 

veins of the left lung. 

L. B Left branch of posterior coronar 

artery. 


L. C. C. A. . Left common carotid artery. 

L. C. I. A. . Left common iliac artery. 

L. Ex. I. A Left external iliac artery. 

L. Hy. A Left hypogastric artery. 

L. Int. I. A . Left internal iliac artery. 

L. L. L Lower lobe of left lung. 

L. M. L. ... Middle lobe of left lung. 

L. M. V. ... Left mammary vein. 

L. P. A Left pulmonary artery. 

L. R. A. ... Left renal artery. 

L. R. V. ... Left renal vein. 

L. S. A Left subclavian artery. 

L. S. V. C. . Left superior vena cava. 

L. U. L. ... Upper lobe of left lung. 

Lo. P. V. . . . Lower pulmonary vein. 

Mes Mesentery. 

O. P. D. ... Opening of pancreatic duct int( 

duodenum. 

Oesoph. . . . Oesophagus. 

P. A Pulmonary artery. 

P. C. A. ... Posterior coronary artery. 

P. C. A. L. . Lateral branch of the right brand 
of the posterior coronary artery. 
{Continued on follounng page) 
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Fig. 3. Posterior and inferior views of the heart with the right auricle cut 
open. Bristle i passes through the auriculoventricular opening and out 
through a window in the right side of the common ventricle. Bristle 2 
passes through the right superior vena cava to the right auricle. Bristles 
3 and 4 pass through the left superior vena cava to the left auricle. The 
lower end of Bristle 3 is seen through the foramen secundum (foramen ovale) 
and that of 4 is seen through foramen primum (interauricular foramen) . 
Bristle 5, passes through the foramen secundum (foramen ovale) into the 
left auricle and then through the foramen primum (interauricular foramen) 
out again to the right auricle. 

Fig. 4. Sagittal section of the heart through the right auricle and the com- 
mon auriculoventricular opening. Bristle 2 passes through the right su- 
perior vena cava to the right auricle. Bristle 4 passes through the left 
superior vena cava to the left auricle. Bristle 6 passes through the opening 
of inferior vena cava into right auricle and then through the common 
auriculoventricular opening into the common ventricle. Bristle 7 passes 
through the aorta into the left portion of the common ventricle. 

Fig. 5. Sagittal section of the heart through the left auricle, aortic opening 
and the left portion of the common ventricle. Bristle 2 passes through 
right superior vena cava into right auricle. Its lower end seen through the 
auricular foramen. Bristle 3 passes through left superior vena cava into 
left auricle. Bristle 8 passes through opening of inferior vena cava into 
right auricle. Bristle g passes through the common auriculoventricular 
opening. 

Fig. 6. Posterior and inferior \dews of the heart with the auricular appendages 
and the superior venae cavae retracted in order to show the origin of the 
pulmonar:.' artery' and the origin and distribution of the posterior coronar}' 
arterjL 


KEY TO THE PLATES {Continued) 


P. C. A. ]\I. iMedial branch of the right branch 
of the posterior coronary artery. 

P. Y. & G. V. Anas. Anastomosis between pul- 
monary and gastric veins. 

P. Va Pulmonary v.alve. 

Pane Pancreas. 

Pane. A. . . . Pancreatic artery. 

Pane. ... Pancreatic vein. 

Phr. .A Phrenic artcrj' 

Por V Portal vein. 

R. A Right auricle. 

R. Anas. . . . Anastomosis between the pul- 
monarA' veins of the right lung. 

R. B Right branch of posterior coronary 

artery. 

R. Br Right bronchus. 

R. C. C. -A. . Right common carotid artery. 

R. C. 1 . .A. . Right common iliac artery. 

R. E.x. I. -A. Right external iliac artery. 


R. Hje A. . . Right hypogastric arterjc 
R. Int. I. A. Right internal iliac arter\\ 
R. L. L. ... Lower lobe of right lung. 
R. jM. L. . . . Aliddle lobe of right lung. 
R. P. A. ... Right pulmonary artery. 

R. R. A Right renal artery. 

R. R. V Right renal vein. 

R. S. A. ... Right subdarian artery. 

R. S. V. C. . Right superior vena cava. 
R. Sp. V. . . Right spermatic vein. 

R. Sup. A. . Right suprarenal arterjc 

R. U. L. ... Upper lobe of right lung. 

S. ]M. A Superior mesenteric artery. 

S. V Superior mesenteric vein. 

Stom Stomach. 

Th. I. A. ... Thyroidea ima arteries (?). 

Tr Trachea. 

U. P. V. ... Upper pulmonary vein. 
Vent Common ventricle. 
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Fig. 7. Pulmonary artery and valve, cut open. 

Fig. 8. Diagram showing the relations of the renal vessels, anterior view. 
X (?) Right suprarenal vein, xx (?) left spermatic vein. 

Fig. 9. Diagram showing the arteries of stomach, intestine, pancreas, liver 
and gall bladder. 

Fig. 10. Diagram showing the portal vein and its tributaries. 
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Plate 84 

Fig. II. Diagram showing the relation between the openings of the bile and 
pancreatic ducts. 

Fig. 12. Posterio-inferior view of the liver, showing the fissures of the organ. 
Arrow indicates the direction in which the inferior vena cava passes into 
the heart. 









INVOLVEMENT OF MEDIUM-SIZED ARTERIES ASSOCIATED 
WITH SYPHILITIC AORTITIS * 

Otto Saphir, M.D. 

{From the Dcparlment of Pathology of Western Reserve University School of Medicine, 
and Cleveland City Hospital, Cleveland, O.) 

Much has been written about S37philis of the aorta and about 
syphilis of smaller arteries, especially arteries of the brain, but 
S3^hilis of medium-sized arteries has attracted little attention. In 
a previous communication ^ the extension of syphilis to the aortic 
valves was described. The purpose of this paper is to describe the 
manifestation of the syphilitic process in the other direction, namely 
in the branches of the aorta. The syphilitic lesions in the aorta seen 
at autopsy are as a rule old, and hardly any conclusions as to the 
pathogenesis of the process can be drawn from the old cases. The 
present study was undertaken as a search for initial or early stages 
of syphilis in types of vessels whose structures closely resemble that 
of the aorta. The term medium-sized arteries is used for convenience 
but it has the sanction of authorities on anatomical nomenclature. 

Literature 

In 1922 Warthin^ reported syphilitic lesions in branches of the 
aorta. His investigation was confined mainly to branches of the 
descending aorta. He described changes in the carotid in only one 
case, and changes in the subclavian artery in several cases. In bis 
opinion these changes are essentially the same as are found in 
syphilitic aortitis. As to the relation of syphilis and arteriosclerosis, 
he further stated that simple arteriosclerosis of smaller and medium- 
sized. vessels is more common in syphilitics than in non-syphilitics. 
Warthin, however, did not mention the number of cases examined, 
nor did he give any details referring to the frequency of the finding 
of syphilitic changes in the various vessels. MacKenzie^ stated, 
(quoting Turnbull) that among two hundred and eighty-eight cases 
of syphilis, specific lesions were found twice in the coeliac artery and 
once in the superior mesenteric and splenic artery. Lange,^ in his 

* Received for publication May 17, 1929. 
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chapter on syphilis of the arteries, stated that the changes in the 
medium-sized arteries in sj'philis are similar to tliosc found in the 
smaller arteries but described changes of the arteries of this latter 
type only. Lctullc ^ and his co-workers published a case of inter- 
mittent claudication which at autopsy showed s>T>hilitic changes of 
the splenic, common and e.Kternal iliac, and both tibial arteries. 
The textbooks of patholog>’ with the exception of I^IacCallum® give 
detailed descriptions of sj'philitic changes of the aorta and smaller 
arteries, but do not refer to the involvement of the medium-sized 
arteries. 


I^Iatkriai. and Mktiiods 

Fifty cases whicli at autopsy showed grossly and liistologically 
syplulitic lesions in the aorta were used for this investigation. 
Blocks of portions of the innominate, common carotid, superior 
and inferior mesenteric, common iliac and femoral arteries were 
taken from these fifty cases and, in Uie majority of them, from the 
subclavian also. Owing to tlic fact that the autopsies were limited 
to thorax and abdomen, and that syphilitic cliangcs of the vessels in 
question were more likely to be encountered close to the aorta, the 
blocks were taken exclusively from these portions. The sections 
were stained \rith hemato.x>din-co5in, orcein, and a combination of 
iron hematoxylin and orcein. This combined stain was found espe- 
cially useful in staining both elastic and nuclear elements in one 
section. The method of combination of the orcein and iron hema- 
toxylin stain is as follow’s: 

1. Paraffin sections, xylol, alcohol, water. 

2. Alcoholic solution of orcein, for one hour in incubator at 37° C. 
(Orcein, Grtibler 0.5 gm., absolute alcohol 40 cc., distilled water 20 cc., 
hydrochloric acid, C. P., 20 drops.) 

3. Water. 

4. Acid alcohol, for six seconds. (Alcohol 95 per cent, 200 cc., distilled 
water 50 cc., hydrochloric acid, C. P., i cc.) 

5. Water. 

6. Iron hematoxylin, 40 minutes, (Solution a: Hematoxylin 10 gm., 
alcohol 95 per cent, 100 cc. Solution b: Liquor ferri scsquichlorate 
4 cc., distilled water 95 cc., hydrochloric acid, C. P., i cc. Equal parts 
of a and b are mixed and filtered each time before using.) 

7. Acid alcohol. (1 part 2 per cent acid alcohol, 2 parts of water.) 

8. Ammonium alcohol, for a few seconds. (30 per cent alcohol with a few 
drops of ammonium hydroxide 28 per cent.) 

9. Water. (Over night.) 



SYPHILIS OF MEDIUM-SIZED ARTERIES 


399 


10. 95 per cent alcohol to which a few crystals of picric acid are added. 

2 to 2| minutes. 

11. Alcohol 95 per cent, absolute, xylol. 

Connective tissue and muscle -fibers were stained according to 
Van Gieson’s method, and Warthin-Starry’s and Levaditi’s methods 
were used in the search for spirochetes. 

Results 

In a previous paper it has been shown that the earliest manifesta- 
tion of syphilis of the aorta is in the adventitia in the form of endar- 
teritis obliterans of the vasa vasorum and perivascular infiltration 
of lymphocytes. These two factors were used as criteria for the 
presence of early syphilis in medium-sized arteries. Interruption of 
the elastic lamellae of the media by round cell infiltration or con- 
nective tissue in these areas was interpreted as a later manifestation 
of syphilis. 

Innominate Artery: In thirty-three of the fifty cases the innomi- 
nate artery showed definite signs of syphilis. Some of the vasa 
vasorum of the adventitia showed a distinct intimal proliferation, 
resulting sometimes in an almost complete obliteration of the lumina. 
In some sections there was a varying amount of perivascular infil- 
tration of lymphocytes and plasma cells. In some of the cases a new 
formation of connective tissue was found in the adventitia. The 
more pronounced the lymphocytic infiltration, the more connective 
tissue was observed in the layer. Wherever lymphnodes were found 
in the adventitia, they seemed hyperplastic. The media in twenty- 
three cases disclosed an interruption of the elastic lamellae. Some 
of the vessels presented perivascular infiltration of lymphocytes in 
the media, but plasma cells were also found in these regions. Older 
cases showed a new formation of connective tissue throughout the 
media. This connective tissue was very poor in nuclei and contained 
small portions of broken up elastic fibers. However, in ten cases the 
media was free from pathological changes. Some of the sections 
showed a marked proliferation of the intima with hyalinization and 
calcification; other sections showed atheromatous cavities, the inner 
surface of some of which was broken down, leading to atheromatous 
ulcers covered with thrombi. Some of the sections showed a slight 
circumscribed proliferation of connective tissue of the subendothelial 
layer. Throughout this connective tissue a slight infiltration of 
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lymphocytes was observed. No fatty changes could be made out in 
tliese portions. 

Carotid Artery: The changes were essentially the same as were 
encountered in the innominate artery. In twenty-nine cases sjT^hi- 
litic changes were seen in the carotid artery. Whereas in fourteen 
of these cases the adventitia showed perivascular infiltration of 
lymphocytes, the media was apparently free from pathological 
changes. The changes of the intima, especially the circumscribed 
proliferations of connective tissue, could be studied to a greater 
advantage in tire carotid artery because of the less severe concomi- 
tant arteriosclerosis. In serial sections which were cut through the 
wall of the artery at the site of the circumscribed proliferation of 
connective tissue of the intima, it was demonstrated that the corre- 
sponding portion of the adventitia showed a circumscribed peri- 
vascular infiltration of lymphocytes and plasma cells. The adven- 
titia in other portions in some of tliesc vessels was normal. Only the 
portion of the intima just above these areas offered the circumscribed 
button-like proliferation of connective tissue. The connective tissue 
showed a few spindle cells and a slight infiltration of lymphoc>’’tes 
and plasma cells. Between the inner portions of tlie media and tliis 
newly formed connective tissue, a few small-sized blood vessels were 
seen. There was no multiplication of the lining endotliclial cells of 
these vessels. Degenerative changes were not observed. 

Subclavian Artery: The subclavian arterj’’ was examined in 
twenty-nine cases, and in fifteen showed syphilitic lesions. The 
adventitia alone was the seat of perivascular infiltration of lympho- 
cytes in seven cases. The intima in a majority of cases showed a 
similar circumscribed proliferation of connective tissue at the site 
of the perivascular infiltration of lymphocytes in the adventitia. 
In one case, circumscribed areas were found in tlie media consisting 
of endothelial cells, lymphocytes, plasma cells and several giant 
cells, combined with some foci of necrosis. These areas can be in- 
terpreted as gummata. In every other respect the changes were 
essentially the same as were found in the innominate artery. 

Common Iliac Artery: The common iliac artery was involved in 
ten cases. The changes in the adventitia, media and intima corre- 
spond to the findings in the arteries discussed above. In addition 
to the circumscribed proliferation of connective tissue in the intima, 
large areas of arteriosclerosis were observed throughout the sections. 
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Whereas the arteries so far described have an excess of elastic 
tissue, the arteries whicli will be discussed subsequently show an 
excess of the muscular tissue. 

Superior Mesenteric Artery: Changes suggestive for syphilis were 
encountered in the superior mesenteric artery in ten cases. The 
adventitia showed a varying amount of perivascular infiltration of 
lymphocytes and plasma cells. A proliferation of the lining endo- 
thelial cells of the vasa vasorum was much less often observed than 
in the arteries discussed above. A few slides showed a rather diffuse 
infiltration of a few lymphocytes, plasma cells and endothelial cells. 
The media was much less frequently involved than the adventitia, 
as changes were found only in one case. Here the changes were 
present mainly in the outer portions of the media corresponding to 
the places where most of the elastic fibers were seen, while the inner, 
more muscular parts showed no changes. The outer part of the 
media showed an interruption of the elastic lamellae, circumscribed 
areas of lymphocytic infiltration and some fibrosis. The intima 
showed in most of these cases a marked, well circumscribed new 
formation of connective tissue at the site where the perivascular in- 
filtrations of lymphocytes were found in the adventitia. This cir- 
cumscribed newly formed connective tissue bulged into the lumen, 
resulting in a narrowing and alteration of the shape of the lumen. 
There was a splitting of the internal elastic lamellae in several 
places. Fatty degeneration in the intima or other retrogressive 
changes were not noted in these circumscribed areas, but were ex- 
treme in slides showing diffuse intimal proliferation. 

Inferior Mesenteric Artery: Changes characteristic of syphilis 
were observed in three cases. Here too, mainly perivascular infil- 
trations of lymphocytes and plasma cells were found in the adven- 
titia, but only very few vasa vasorum showed endarteritis. The 
media was practically free from pathological lesions, while the in- 
tima showed changes similar to those found in the superior mesen- 
teric artery. 

Femoral Artery: In only seven cases did the femoral artery show 
evidence of syphilis, as indicated by a perivascular infiltration of 
lymphocytes and a few plasma cells. The vasa vasorum showed a 
moderate degree of proliferation of the lining endothelial cells. 
There was some fibrosis of the adventitia. The media, in its outer 
third, showed circumscribed l3anphocytic infiltration. In only one 
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the media in these arteries might easily be accounted for by the 
rarity of endarteritic changes in the vasa vasorum of the adventitia. 
If changes were present in the media they were confined to its outer 
portion, where most of the elastic fibers were present, while the inner 
portions were free from changes. These findings suggest the propa- 
gation of tlie syphilitic process by way of the vasa vasorum which 
supply only tlie corresponding portions of the media. 

Throughout the intima diffuse changes characteristic of arterio- 
sclerosis were noted. Fibrosis, liyalinization, calcification, degenera- 
tive changes and atheromatous cavities were frequently encountered. 
In addition to these diffuse changes, circumscribed button-like 
intimal projections consisting of connective tissue were observed 
just below the endothelial lining. These lesions were found in the 
intima at the sites where the adventitia, and in some cases the 
media, was the scat of a perivascular infiltration of Ijunphocytcs. 
The diffuse lesions can be interpreted as arteriosclerotic in nature. 
The severity of these lesions corresponds well with the ages of the 
patients and substantiates the observ^ations of Hesse," who found 
severe arteriosclerotic lesions in the arteries of the upper c.xtrcmitics 
in patients over 40 years of age. The circumscribed, merely pro- 
liferative lesions, without degenerative changes, found at the site 
of syphilitic lesions in the adventitia, however, seem of different 
etiology. Gurd and Wade ® believe that syphilis must be recognized 
as one of the factors leading to proliferation of the intima. Darling 
and Clark ® hold that proliferative changes in tlie intima arc a direct 
response to the syphilitic virus. Whether or not these intimal pro- 
liferations really are a manifestation of the syphilitic process cannot 
be said. Morphologically these lesions show nothing characteristic of 
syphilis. Stains for spirochetes according to Levaditi and Warthin-. 
Starry did not reveal their presence. There is not enough proof, 
therefore, to believe that the proliferative changes in tlie intima are 
due to syphilis. I am rather inclined to believe that the intimal 
changes are a non-syphilitic reaction even though brought about by 
the S3philitic inflammation of the adventitia. The non-syphilitic 
reaction of the intima probably is a chronic inflammation compensa- 
tory to any pathological process in the adventitia, and, in our series, 
to S3philis. 
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Conclusions 

1. Among fifty cases of S3^hilitic aortitis, the innominate artery 
showed syphilitic changes in thirty-three, the carotid in twenty- 
nine, the superior mesenteric in ten, the inferior mesenteric in three, 
the common iliac in ten, and the femoral artery in seven cases. The 
subclavian artery was examined in twenty-nine cases, fifteen of 
which showed syphilitic lesions. 

2. The syphihtic lesions were characterized by endarteritis of 
the vasa vasorum, and perivascular infiltration of lymphocytes in 
the adventitia. The media of the elastic type of arteries showed an 
interruption of the continuity of the elastic fibers and fibrotic areas 
combined with circumscribed lymphocytic infiltrations. The media 
of the muscular type of arteries only rarely showed changes. 

3. In the intima, circumscribed button-like areas of fibrosis, 
without degenerative changes, were foimd very frequently. These 
are not specific but are chronic inflammatory in nature and might 
be associated with any type of pathological lesion in the adventitia. 

Note: I am deeply indebted to Professor Howard T. Karsner for 
his valuable suggestions and his aid in taking the photomicrographs, 
and to Miss Lihan Boker of the Department of Medicine for techni- 
cal assistance. 
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Plate S5 

Fig. I. Syphilis of the superior mesenteric artcr\\ Note the infiltration of 
lymphocytes in the adventitia and the inconspicuous intcmiption of the 
dastic lamellae in the media. Combination of orcein and iron hcmatoxj'lin. 
X no. 

Fig. 2. Syphilis of the common carotid arterj’. Note the perivascular infiltra- 
tion of lymphocytes in the media, and the broken dastic lamdlac. Com- 
bination of orcein and iron hematoxylin, x no. 

Fig. 3. Gmnma of the subdavian artery. Combination of oredn and iron 
hematoxylin. X120. 

Fig. 4. Syphilis of the superior mesenteric arterj*. Note the marked intimal 
reaction. Combination of orcein and iron hematoxylin, x no. 
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ACCESSORY PANCREASES; REPORT OF A CASE WITH A 
DISCUSSION OF THEIR PATHOLOGY AND ORIGIN * 

Robert A. Moore, M.D. 

HANNA RESEARCH FELLOW IN PATHOLOGY 

{From the Department of Pathology, School of Medicine, Western Reserve University, 

Cleveland, Ohio) 

Not less than one hundred and fifty-five instances of accessory 
pancreas are reported in the literature, but a clear understanding 
of^their origin has not yet been established. The purpose of this 
paper is to present a case and to discuss the facts and h 3 ^otheses 
. concerning the condition. 

Report of Case 

A white female, one year old, well developed and well nourished, 
was admitted to the service of Dr. H. J. Gerstenberger, Babies and 
Children’s Hospital of Cleveland, Ohio, with expiratory and inspira- 
tory laryngeal obstruction. Tracheotomy was ineffective and death 
occurred twenty hours after admission. 

Autopsy three and one-half hours after death revealed an acute 
fibrinopurulent i nflamm ation of larynx, trachea and larger broneW, 
negative for diphtheria bacilli; pulmonary atelectasis, interstitial 
emphysema of mediastinum; cloudy swelling of the parenchymatous 
■\nscera, fatty metamorphosis of liver, accessory pancreas in wall of. 
ileum and recent tracheotomy wound. 

Detailed description wiU be confined to the stomach and small 
intestine. The stomach is normal except that the mucous membrane 
is swollen, hyperemic and covered by a thin mucinous exudate. The 
duodenum is normal. The jejunum and ileum are normal except for 
slight dilatation by gas, slight hj^erplasia of the lymphatic tissue 
and a discrete firm nodule, 8 mm. in diameter in the wall, 6o cm. 
below the duodenal jejunal flexure. The serosa overlying the nodule 
is thick, white and opaque, but not adherent to surrounding organs. 
The nodule projects into the lumen but the mucosa is normal. In 
the mucosa near the center is a small depression through which a 

* Received for publication May 20, 1929. 
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probe can be introduced into the substance of the nodule. On cut 
section, the nodule is of a gray-while color and of a firm fibrotic con- 
sistency ■with islands of softer cellular tissue. 

Microscopically the mucous membrane is typically jejunal and 
normal. The serosa is slightly thickened by dense fibrous tissue. 
The nodule is composed of typical pancreatic acini, islet cells, inter- 
calated ducts (Fig. 2), larger ducts and fibrous tissue. On the serosal 
side the fibrous tissue is in excess and infiltrated with a few IjTupho- 
cytes. The acini in this area are isolated and compressed (Fig. 3). 
One small lymph node in the edge of the nodule is hj'perplastic. 
Cells cytologically identical with islet cells are irregularly distrib- 
uted in groups of two to ten. The larger ducts arc typically pan- 
creatic. The parenchymatous cells do not c.xhibit evidence of pro- 
liferation. The fibers of the tunica muscularis arc separated by a 
loose fibrous tissue and a few pancreatic acini. Near the exit of the 
ducts is a small circumscribed mass of tissue (Fig. 4) bounded by 
smooth muscle and enclosing tj'pical pancreatic ducts and other 
smaller acini with cells similar to those of Brunner’s glands. Stains 
for zymogen granules were unsuccessful, probably due to improper 
fixation. 


Histologic Features 

The general structure of these nodules is such that the diagno.sis 
is e'vident on microscopic examination. The parenchymatous tissues 
which may be found arc pancreatic acini, islands of Langerhans, 
larger ducts and glands of Brunner. 

The pancreatic acini arc usually normal in their structure and 
arrangement. The acini and ducts do not have the appearance of 
proliferation and in many cases the acinar cells contain zymogen 
granules. 

The presence of islands of Langerhans is variable. In many re- 
ports there is no mention of their presence, in others tliey were 
identified ■with difficulty, while in still others, islands in normal 
number and size are reported. There is no information concerning 
the function of such islands as have been observed. 

Ducts lined ■with a typical pancreatic duct cpitlielium are dis- 
tributed irregularly throughout the pancreatic acini. In many in- 
stances these ducts coalesce into one or two which open into the 
intestine, or rarely into the bile duct as described by Opie,^ or main 
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pancreatic duct as reported by Bean and Dreyer.^ Nicholson ® found 
that these ducts may be directly continuous with ducts Hned by cells 
identical with those of Brunner’s glands. 

The interstitial supporting tissue may be in the usual amount or 
may show definite increase with cellular infiltration indicative of 
chronic inflammation, first pointed out as a prominent feature by 
Opie. Warthin ^ reported areas of fat necrosis. 

In the majority of cases the overl3dng mucous membrane is typi- 
cal of that portion of the intestine in which the ectopic mass is found, 
but in a few the overlying mucosa is typically duodenal, whatever 
the location. 

If the ectopic mass occupies the muscularis, the fibers are often 
separated by pancreatic or fibrous tissue. This observation is of 
importance in the consideration of diverticula. 

The histologic features of the case here reported do not differ 
markedly from the above general description. Islet cells are difficult 
of identification, and fibrosis (Fig. 3) is a prominent feature. The 
continuity of pancreatic duct epithelium and Brunner’s gland epi- 
thelium can be demonstrated (Fig. 4). 

Theories oe Origin 

Zenker ® first proposed that ectopic pancreases have their origin 
in accessory pancreatic anlagen. Glinski ® postulated non-fusion of 
the three primary .pancreatic anlagen. Warthin modified these 
theories with the hypothesis that they represent secondary diverti- 
cula snared off from the primary anlagen as they pass through the 
intestinal wall. Lubarsch^ beheved that inflammatory adhesions 
may form between the pancreas and adjacent organs with later 
separation of a small piece of pancreatic tissue. Horgan ® proposed 
the same, except that non-inflammatory adhesions are formed during 
fetal life when all the organs are in close approximation. Taylor ® 
assumed that they result from heteroplasia of a portion of the fetal 
entoderm and places them in the class of “dysontogenetic” struc- 
tures. Finally, Beutler^^ hypothecated that they are atavistic 
phenomena. 

Thyng “ has given strong support to Zenker’s theory by demon- 
stration of accessory pancreatic anlage in two pig embryos. Horgan 
has objected to Ghnski’s non-fusion hypothesis on the grounds that 
all accessory pancreases would be of large size and located in the 
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duodenum. This is not valid since if there is a defect in migration 
there is also very probably an associated defect of development. 
Further, lengthening and growth of the foregut could carry the 
anlagc distant from the duodenum. A serious objection to Glijiski’s 
hypothesis is that it does not explain instances of three acccssor>' 
pancreases, cases of which are cited by Opie. The reports by Opie 
of annular pancreases demonstrate that non-fusion may occur. 

Simpson supports Warthin’s hypothesis on the following points: 
that accessory pancreases are found most frequently about the 
papilla of Vater, that they never occur outside the derivatives of the 
foregut, and that they have been found in the omentum by Warthin, 
and in the gall bladder by Mann‘S and by von Hedr>'.” As we sec it, 
these observations only point to an origin in the duodenum and do 
not support Warthin’s theory any more than that of Zenker or 
Glihski. 

Cases, such as that of Bean and Drcyer, in which the duct of the 
accessor}' pancreas communicates witlr the main pancreas lend sup- 
port to Horgan’s conception of fetal detachment. The usual absence 
of anatomical approximation and adhesions makes Lubarsch’s theory 
doubtful except in rare instances. 

Taylor has attempted to distinguish accessor}’ pancreases from 
the adenomyoma of the upper gastro-intcstinal tract. lie considers 
the adenomyoma to be a true tumor, characterized by the pres- 
ence of Brunner’s glands with few or no pancreatic acini. Such a 
distinction has confused his heteroplastic hypothesis for the origin 
of accessory pancreases. Simpson believes that the adenomyoma is 
an accessory pancreas in which the acini never developed, regressed 
or were destroyed by inflammation. Our demonstration of Brunner’s 
glands in an accessory pancreas makes us believe that the cells of the 
accessory pancreatic anlage arc potential acinar, islet, duct or 
Brunner gland cells. 

Beutler’s postulation of an atavistic phenomenon is consistent 
with embryology, but the restriction of all reported accessory pan- 
creases to structures derived from the foregut and its mesentery is a 
serious objection. 

From this review our conclusion must be that in different cases 
different factors operate: in some, inflammatory or embr}’’onal ad- 
hesions with subsequent detachments of a mass of pancreatic cells; 
in others, development from the primary anlage of Zenker or Gliiiski, 
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or the secondary snared-off anlage of Warthin, with the added con- 
ception that the cells of these anlage are still undifferentiated ento- 
derm and capable of differentiating into pancreatic acini, islands of 
Langerhans, ductal epithelium and glands of Brunner. We are un- 
able to accept any theory of heteroplasia, neoplasm or atavistic 
pnenomena. 

Complications and Potentialities 

Diverticula: Simpson states that twenty-five of the one hundred 
and fifty cases of accessory pancreases collected by him were in 
diverticula. This association is of more than passing interest be- 
cause of the cause-and-effect relation between the two. From a 
study of microscopic sections of an accessory pancreas in the in- 
testinal wall, the separation of the muscle bundles leads to the 
supposition that the wall is weakened at this point and that the di- 
verticulum is secondary to the congenital anomaly. Neumann^® first 
proposed such a relationship. Simpson and others support it, placing 
these cases in the class of true pulsion diverticula. That an accessory 
pancreas can occur in a true MeckeFs diverticulum is undisputed. 
Koch and Suzuki made a systematic study of fifty cases of Meckel’s 
diverticulmn and found accessory pancreatic tissue in two- The 
finding by Wright of an accessory pancreas in a congenital um- 
bilical fistula, proves such a probable origin. 

Since an ectopic pancreas has not been observed in the large in- 
testine, it is unlikely that diverticula here are due to this condition, 
as suggested by Gibson.^® 

Invagination and Intussusception: When these tumors are located 
in the submucosa they may occasionally become pedunculated and 
hang into the intestinal canal as polyps. According to the reports 
of Hulst^® and Brunner the intestinal wall was definitely invagi- 
nated. Simpson has admirably summed up the whole situation in 
regard to these processes. He believes that diverticula and invagina- 
tion are closely related processes, and that which occurs depends 
entirely on the location of the mass, the amount and character of 
intestinal peristalsis and the interruption of the muscularis by the 
mass. Benjamin*^ reports a case of intussusception in which an 
accessory pancreas was found in the wall of the intussusceptum. 
Opie and others observed frequent inflammatory changes in these 
masses, which might well serve as the direct exciting factor of irreg- 
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ular peristalsis in producing the intussusception. Tlic whole problem 
appears to be worthy of further study. 

Congcnilal Pyloric Slowsis: Hale"- reports a small bit of pan- 
creatic tissue embedded in the hj'pertrophic musculature of a case 
of congenital pyloric stenosis. Since it had no visible duct, he drew 
the conclusion that the presence of the ectopic tissue plus its re- 
tained secretion led to hypertrophy of the muscle, and suggests that 
all congenital pyloric stenosis is due to this undcrljing condition. 
That a ductless pancreas would secrete and that the pancreatic 
enzymes would cause only a hypertrophy of muscle is inconsistent 
with experimental and autopsy observations. 

Neoplastic Trausjormaliou: Several problems are involved in the 
relation of these congenital defects to neoplasms. The most im- 
portant practical consideration is the differential diagnosis at opera- 
tion. In the case reported by Choisscr^ a small tumor 1.5 cm. by 
2 cm. in the wall of the pyloric antrum with enlarged and firm 
mesenteric lymph node was encountered in a man 57 years of age, 
complaining of pain in the epigastrium and loss of weight. In in- 
stances of this type the differentiation would be extremely difiicult. 
In general an ectopic pancreas is a small round discrete mass in the 
structures derived from the foregut, and rarely ov'er i cm. in 
diameter. 

The relation of ectopic pancreases to adenomyomata has been 
discussed. Trappe-^ proposed tliat the carcinoids of the small in- 
testine arise as neoplasms from pancreatic rests, while Saltykow 
limited their origin to rests composed entirely of islands. The most 
serious negative objection to this is that carcinoids arc most frequent 
in the appendix, while an accessory pancreas has never been re- 
ported in this location. In addition there is the evidence of Tilasson 
that the carcinoids of the intestine arise from the chromafiin cells of 
the crypts of Lieberkuhn. 

Finally, there is the question of malignant change in an ectopic 
pancreas. Branham reports a case in \vhich Welch made such a 
diagnosis. Nicholson reports another occurring in the stomach and 
cites two similar cases by Herxlicimer and by Seidelin."^ Although 
these four cases of carcinoma and one hundred and fifty of ectopic 
pancreas probably do not represent the total number which have 
been observed, it would appear that the incidence of carcinoma is 
higher in ectopic pancreases than in the normal pancreas. 
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Summary 

1. A case of accessory pancreas in the wall of the ileum in a one- 
year-old child is reported. 

2. The mode of origin of these congenital anomalies is either by 
adhesions of the main pancreatic anlage or from anomalous anlage. 

3. Accessory pancreases are in rare instances the underl3dng cause 
of diverticula and intussusception and the site of origin of carcinoma. 

Note: I wish to thank Dr. Howard T. Karsner for valuable sug- 
gestions in the writing of this paper and for aid in the preparation 
of the photomicrographs. I also acknowledge the courtesy of Dr. 
H. J. Gerstenberger for the use of the clinical material. 

REFERENCES 

1. Opie, E. L. Disease of the Pancreas, its Cause and Nature. Lippincott, 

Philadelphia, 1903. 

2. Bean, R. J., and Dreyer, N. B. Duplication of pancreatic bladder and 

accessory pancreas in the cat. Anat. Record, 1927, xxxvi, 155. 

3. Nicholson, G. W. Studies on tumoiu: formation. V. The importance of 

congenital malformations in tumour formation. Guy's Hosp. Rep., 1923, 
bcriii, 37. 

4. Warthin, A. S. Two cases of accessory pancreas (omentum and stomach) . 

Physician and Surgeon, Detroit and Ann Arbor, 1904, xxvi, 337. 

5. Zenker, F. A. Nebenpankreas in der Darmwand. Virchows Arch./, path. 

Anat., 1861, xxi, 369. 

6 . Gliiiski, L. K. Zur Kenntnisdes Nebenpankreas undvenvandterZustande. 

Virchows Arch. f. path. Anat., 1901, cbdv, 132. 

7. Lubarsch, O. Ueber das Vorkommen von Pankreaslappchen in der Milz. 

Virchows Arch.f. path. Anal., 1925, ccliv, 880. 

8. Horgan, E. J. Accessory pancreatic tissue, report of two cases. Arch. 

Surg., 1921, ii, S2I. 

9. Taylor, A. L. Epithelial heterotopias of the alimentary tract. J. Path. &* 

Back, 1927, XXX, 415. 

10. Beutler, A. Ueber blastomatoses Wuchern von Pankreaskeimen in der 

Magenwand. Virchows Arch.f. path. Anat., 1921, ccxxxii, 341. 

11. Thyng, F. W. Models of the pancreas in embryos of the pig, rabbit, cat and 

man. Am. J. Anat., 1907-08, vii, 489. 

12. Simpson, W. M. Aberrant pancreatic tissue; analysis of 150 human cases 

with report of a new case. Warthin Ann. Vol., Ann Arbor, 1927, 435. 

13* Mann, F. C. An accessory pancreas in the wall of the gaU bladder of a dog. 
Anat. Record, 1922, xxiii, 351. 

14. von Hedry, N. Beitrag zur Klinik des accessorischen Pankreas. Beitr. s. 
klin. Chir., 1923, cxxx, 349. 

15* Neumann, E. Nebenpankreas und Darmdivertikel. Arch. d. Heilkunde, 
1870, xi, 200. 



414 


MOORE 


16. Koch, M., and Suzuki, T. Zur Histologic dcs Mcckelschcn Divertikels. 

Cailralbl.f. allg. Pathol, u. path. Anal., 1912, xxiii, 904. 

17. Wright, J. H. Aberrant pancrctis in the region of the umbilicus. J. Boston 

Soc. Med. Sc., 1901, V, 497. 

18. Gibson, C. L. Accessory pancreas in the gastro-intcstinal tract. M. Rcc., 

1912, Ixxxii, 426. 

19. Hulst, J. P. L. Ueber cinen in eincm Darmdivcrtikcl gclagcrtcn Pan- 

creaskeim rait sekundiirer Invagination. Certlralbl. f. allg. Pathol, u. 
path. Anat., 1909, xx, 12. 

20. Brunner, C. Ein Bcitrag zur Chirurgic und pathologischcn Anatomic dcr 

Darminvagination. Bcitr. 2. klin. Chir., 1S99, xxv, 344. 

2X. Benjamin, A. E. Accessory pancrc.as with intussusception. Ann. Surg,, 
1918, Ixvii, 293. 

22. Hale, K. A study of the acccssorj* pancrc.as; with report of one causing 

congenital pyloric stenosis. / 1 ««. Surg., 1926, Ixxxiii, 774. 

23. Choisscr, R. M. Aberrant pancreas of pylorus, with report of a ease re- 

sembling a neoplasm. U. S. Nav. M. Bull., 1925, xxii, 322. 

24. Trappe, M. Ueber gcschwulstartigc Fchlbildungcn von Nicrc, Milz, Haut 

und Darm. Frankfurt. Ztschr.f. Path., 1907, i, 109. 

25. Saltykow, S. Ueber die Genese dcr “karzinoiden Tumoren” sowic dcr 

“Adenomyome” dcs Darmes. Bcitr. z. path. Anal., u. z. allg. Pathol., 
1912, liv, SS9. 

26. Masson, P. Carcinoids (argcnlafiin-ccll tumors) and nerve hyperplasia of 

appendicular mucosa. Am. J. Path., 1928, iv, 181. 

27. Branham, J. H. Operative treatment of cancer of the stomach, with report 

of SLX partial gastrectomies. Maryland M. J., 190S, H, 144. 

28. Herxheimer, cited by Nicholson. Guy's Hasp. Rep., 1923, Lxxiii, 37. 

29. Seidclin, H. Carcinoma of jejunum from aberrant pancreas germ. /. 

Path. 6* Bad., 1912-13, xvii, 428. 


DESCRIPTION OF PL.ATES 
Plate 86 

Fig. I. A section through the center of the nodule to show the general location 
and features. Note the fibrosis and relative absence of acini toward the 
peritoneum, x 8.$. 

Fig. 2. Pancreatic tissue to show pancreatic acini, intercalated ducts and small 
groups of islet cells, x 100. 
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moved from five to eighteen days after operation. In contradistinc- 
tion to the experiments of Loeb this work is concerned mth the 
early stages of hypertrophy. A quantitative estimation of the 
mitoses was made in addition to the other usual examination of 
of the gland. 

Experiments 

Material and Method: Fifty-one guinea pigs, weighing between 
350 and 500 gm., were used. One and one-half lobes of the thyroid 
gland were removed from each of the animals. In removing the half 
of the lobe, after the thyroid had been freed from the tissue about it, 
especially from the artery which sometimes is closely applied to it, 
the lower pole was clamped and the gland cut tlrrough the middle. 
As a rule there was very little bleeding. The use of a ligature w’ould 
have interfered with the study of regeneration. The morning after 
operation the animals were divided into four groups. One of the 
groups received no treatment, acting as the subjects for the study 
of normal compensatory hypertrophy and as controls for tlie other 
three groups that were fed daily 0.05 gm. of KI, or 5 gr. of an- 
terior pituitary substance (Armour & Co.) or 0.1 gr. thyroid sub- 
stance (Armour & Co.). The animals w’cre killed by chloroform and 
their thyroid remnants immediately removed and fixed in Zenker 
from five to eighteen days after the beginning of treatment. The 
thyroid remnants were sectioned serially and mounted in rows of 
eight, nine, or ten. The mitoses in one section in each row were 
counted and the number thus obtained multiplied by the number of 
sections in the row. Thus the number of mitoses was obtained for the 
entire remnant. 

Gross Findings: The only observation in the gross specimens of 
any interest was the greater size and perhaps redder color of the 
remnants removed from the control and the Kl-fed animals as com- 
pared to the remnants removed from the anterior pituitary and 
thyroid-fed guinea pigs. 

I. Regeneration 

At the site of incision into the thyroid a definite process of regen- _ 
eration of the acini could be studied. In the earlier glands examined 
the tissue in this region consisted either of small groups of tiiyrovd 
cells that had no definite acinar arrangement, or of many very smaU 
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acini lined by deeply staining cuboidal epithelium; some of the 
acini contained tiny droplets of colloid, while others did not. There 
also were larger irregular acini usually without colloid but containing 
many polymorphonuclear leucocytes or phagocytic cells. The small 
acini were formed in three ways: by the reunion of the remaining cells 
of a partially destroyed acinus; by the differentiation of the small 
groups of epithelial cells; and by the growth of connective tissue 
into a larger acinus and the subsequent division of this acinus. The 
stage that follows this, which is denoted by the presence of large 
acini, irregular in shape with rather tall epithelium and soft or no 
colloid, is brought about chiefly by proliferation of the epithelial 
cells. The greater number of mitoses in the areas of regeneration 
than in the other parts of the gland supports this view. In the glands 
removed at five, seven, eight and nine days most of the mitotic activ- 
ity of the epithelium was found in this region. The return of these 
acini to the type of acini in the adjacent portions of the thyroid 
gland so that there was an unnoticeable transition between the two 
was the final stage. 

In the untreated animals regeneration occurred fairly rapidly 
so that by the tenth and eleventh day the areas of regeneration were 
becoming imperceptible. The thyroid of the animals fed with KI 
regenerated about as rapidly as the controls, the eleventh and 
twelfth days being periods when the return to normal was becoming 
definite. It should be mentioned that an eight-day control gland 
and one of the nine-day KI glands had regenerated so rapidly as 
to resemble the picture that becomes more commonly pronoimced 
on the twelfth day. The glands of the animals fed with anterior 
pituitary and thyroid never approached in our experiments the 
amounts of regeneration noted in the controls and KI series, so that 
even in the latest examined periods, regeneration was not complete 
in the th3n:oids of these animals. This retardation of regeneration 
was more marked in the animals fed with thyroid than in those fed 
with pituitary. 

II. Compensatory ' Hypertrophy 

Mitotic Activity: In Table II the number of mitoses found in the 
remnants of each gland is tabulated. Marked proliferative activity 
of the acinar epithelium is indicated in the glands of the untreated 
animals and in the glands of the Kl-fed animals, setting these two 
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groups definitely apart from the glands of animals fed with pituitary 
extract and th3T:oid extract. The average numbers of the mitoses 
are 1105, 763, 206 and 70, respectively. If we do not include the 
figures obtained in the thyroid remnants removed at the earliest 
periods, when the effect of the substances fed may not have become 
manifest and when most of the proliferative activity is confined to 

Table 1 


MUoltc Aclivily in Thyroid Remnant 


No. ol days 

Control 

KI 

Pituitary 

Thyroid 

5 

527* , 

291* 

4 S 3 * 


7 

121* 

. . . 

242* 

83* 

8 

0* 

758 

298 

152 

9 

1158 

96 

220 

228 


. . . 

30S 

210 

72 


1752 

1612 

138 

0 


1108 

99 S 

104 

• . . 


348 

67 

36 

> • • 


4560 

816 

486 

40 

13 

1368 

764 

82 

46 

14 

. . . 

. . . 


92 

IS 

490 

3217 

3 S 2 

0 

IS 

0 

880 

0 

0 


200 

27 

54 

60 


2959 

96 

. . • 

• • • 


887 


... 

... 

Average of all 

1105 

763 

206 

70 

Omitting* 

1348 

803 

180 

69 


the areas of regeneration, our averages of the mitoses are 1348, 803, 
180 and 69. The variability in the response of the thyroid gland of 
the guinea pig to the administration of KI is shown by the wide 
range of the number of mitoses recorded: 3217 and 27. 

The mitotic activity in KI administration is not caused solely 
by the stimulating effect of KI upon the thyroid gland that has been 
observed by Gray and Loeb,® Rabinovitch,® and McCordock,^® but 
is also caused by the compensatory hypertrophy. In the KI and 
control animals the remnants at the time of examination were ap- 
proximately two-thirds the size of the normal thyroid lobe, and in 
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the guinea pigs fed anterior pituitary or thyroid substance, the rem- 
nants were approximately one-half the size of the normal lobe. The 
figures obtained in the former may therefore be multiplied by three, 
and those obtained in the latter by four, in order to compare the 
number of mitoses in compensatory hypertrophy with the number of 
mitoses found in the unoperated normal guinea pigs. Thus we ob- 
tain the figures 4044, 2409, 720, 276 for the controls, KI, pituitary ex- 
tract and thyroid-fed animals respectively. The average number of 
mitoses for these KI compensatory hypertrophy animals as com- 
pared to unoperated KI animals is over three times the amount ob- 
tained by Gray and Loeb,® twice that obtained by McCordock,^ 
seven times that obtained by Rabinovitch ® on the tenth day of his 
experiments, but it is less than the number obtained by Rabinovitch 
on animals fed with 0.05 gm. KI daily for fifteen days. In this last 
series Rabinovitch used only two guinea pigs and the figures may 
be somewhat high. In pituitary feeding and thyroid feeding, the 
number of mitoses is only very slightly higher in animals in which 
a part of the thyroid was extirpated than in normal animals.®’ In 
the animals that received thyroid and pituitary substance, regenera- 
tion may partially account for the increased number of mitoses as 
compared to normal animals, especially in those fed with thyroid. 
In the pituitary animals, however, there appears to be a slight defi- 
nite effect produced through compensatory hypertrophy. 

There is another very marked difference between the number of 
mitoses in the iodized guinea pigs and in those treated with anterior 
pituitary or thyroid substance. In the latter class the number of 
mitoses is fairly constantly low, whereas in the animals which re- 
ceived KI, there is very marked variation in the number of mitoses 
m different cases, similar to the variations found in controls. This 
mdicates that variable factors enter and complicate the degree of 
hypertrophy observed in control and iodized guinea pigs. These 
will be discussed later. 

Size of the Acini: No exact measurements of the size of the acini 
were made, but in general we can state that approximately the size 
of the acini was about the same in the controls and Kl-fed animals, 
and that it was smaller in pituitary and thyroid-fed animals. 

Size of the Epithelium mid the Character of the Colloid: There exists 
in general a direct parallelism between the height of the epithelium 
and the consistency of the colloid, except that the increase in the 
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size of the epithelium was noted a little earlier than the first signs 
of the softening of the colloid. In the thyroids of the animals fed 
with thyroid substance no increase in the size of the epithelium 
and no softening of the colloid were observed. The epithelium here 
was low cuboidal and the colloid hard, with occasional retraction; 
only rarely peripheral vacuolization was noted. In the thyroids of 
those animals which were fed %vith anterior pituitarj’^ substance the 
epithelium was a little higher and the colloid a little softer than in 
the guinea pigs fed with thyroid substance. This applies to periods 
following approximately the tenth or eleventh day, but this dif- 
ference was slight. In the animals fed with KI and in the control 
animals definite signs of compensatory hypertrophy were noted on 
the eighth and ninth days. At this time the epithelium in both 
approached in some cases the columnar shape and later became 
definitely columnar; and the colloid in both showed peripheral vac- 
uolization, became soft and even disappeared. In our series of ani- 
mals the thyroid remnants of the control guinea pigs showed, on 
the average, slightly more hypertrophy than the remnants of the 
guinea pigs fed with KI. However, the thyroid glands of two of the 
Kl-fed guinea pigs were more hypertrophic than those of the 
control thyroids. Again the variation in both series was very great 
in different cases. In some animals the hypertrophy was slight or 
absent while in others it was very marked. We found some gland 
remnants in which the epithelium was high and the colloid soft, in 
which there was therefore distinct hypertrophy present, although 
the number of mitoses was low. Usually an increased number of 
mitoses was associated with the signs of hypertrophy, but rarely 
exceptions were found for this rule. 

Phagocytosis and Lymphocytosis: We can confirm the observa- 
tions made previously ® that the number of phagocytic cells in the 
colloid is greater in animals that have been fed with KI than in the 
animals of any of the other series. In the control series the acini 
contained more phagocytes than in the pituitary series, while the 
colloid in the glands of animals fed with thyroid was invaded by 
very few phagocytic cells. 

No constant relationship between the presence or amount of 
lymphocytes and the substance fed to the animals could be detected. 
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Discussion 

The delayed regeneration of the incised thyroid gland caused by 
the administration of anterior pituitary and thyroid substances 
which we have described might be expected from the previously ob- 
served inhibiting effect of these substances upon the activity of both 
the normal thyroid and upon the thyroid during the process of com- 
pensatory hypertrophy as indicated by structural changes. Thus 
we now find that these two substances produce not only a histolo^- 
cal and probably a functional resting stage, but also by their de- 
pressing effect upon the proliferative activity of the acinar epithe- 
lium cause a delayed regeneration in the gland. Because of the 
known stimulating effect of KI upon the mitotic activity of the 
normal thyroid gland, one would suppose that regeneration would 
occur earlier in the Kl-fed guinea pigs than in the control guinea 
pigs during the process of compensatory hypertrophy. However, 
the number of animals examined by us at a period between five and 
nine days is too small for an accurate determination of this question. 

As far as compensatory hypertrophy is concerned there can be no 
doubt, in these experiments at least, that there are marked dif- 
ferences in regard to the number of mitoses, the height of the epithe- 
lium and the consistency of the colloid between the thyroid glands of 
animals fed with anterior pituitary and thyroid extracts on the one 
hand, and the thyroid glands of animals fed with KI and the con- 
trols on the other hand. The former gave the histological picture of 
resting glands, the latter gave the histological picture of definite 
hypertrophy. 

Taking the series as a whole, the thyroids of the control guinea 
pigs underwent slightly more epithelial proliferation and hyper- 
trophy and slightly more colloid softening than the thyroids of those 
animals fed with KI. It must be remembered, however, that there 
was variation in the animals in each series, possibly somewhat more 
in the KI animals. These individual differences in intensity of com- 
pensatory h3q)ertrophy in normal as well as in iodized guinea pigs 
has been emphasized before by Loeb. 

Among the variable factors responsible for these individual dif- 
ferences in the degree of compensatory hypertrophy the change in 
weight of the animals during the progress of the experiment is very 
important. As Loeb, and Rabinovitch “ have shown, animals that 
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gain in weiglit tend to show a more marked hypertrophy and a 
greater proliferation of the normal gland than animals that remain 
stationary or that lose weight during the time of the experiment. 
In our series ten of the controls gained in weight, four remained 
stationary and none lost weight, while in the KI series, three of the 
animals lost weight, while four remained approximately stationary 
and only six gained in weight. This may explain why in our series 
the average of compensatory hypertrophy was somewhat greater 
in the control series. 

Furthermore, it is possible that the action of KI upon the thyroid 
gland does not reach its maximum until after sixteen to eighteen days, 
which is the period of marked proliferation in normal unoperated 
guinea pigs as the experiments of Gray and Loeb, and Rabinovitch 
indicate. Considering the importance of these variable factors the 
number of animals used by us in the control and KI series is not yet 
large enough to determine whether the compensatory hypertrophy 
in the early periods following removal of a great part of the th)rroid 
gland is somewhat greater in the controls than in the iodized animals. 
On the other hand, we can state that even in these early periods ad- 
ministration of anterior pituitary as well as thyroid substance pre- 
vents compensatory hypertrophy, while KI does not have such an 
inhibitory effect. 

Conclusions 

1. Regeneration of thyroid tissue after an incision occurs rapidly 
in control and Kl-fed animals. 

2. Regeneration is delayed by the feeding of pituitary extract and 
th3n’oid extract. 

3. Early compensatory hypertrophy is markedly inhibited by 
pituitary extract and thyroid extract but only slightly by KI. 

4. The possible causes of a slight diminution in the average 
hypertrophy in the KI series which we observed at early periods, 
are discussed. 

5. Compensatory hypertrophy may appear as early as eight days 
following the removal of parts of the thyroid glands. 
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AUTO- AND HOMOIOTRANSPLANTATION OF CROSS-STRIATED 
MUSCLE TISSUE IN THE RAT* 


Julius Elson 

{From the Department of Pathology, Washington University School of Medicine, 

St. Louis, Mo.) 


The aim of these experiments has been, in the first place, to 
analyze the difference between autotransplantation and homoio- 
transplantation of cross-striated muscle and, secondly, to study the 
changes which the muscle pieces undergo at various periods fol- 
lowing transplantation. 

The literature on muscle transplantation is extensive, but the 
large majority of these experiments were carried out from surgical 
points of view; they concerned mainly autotransplantation. Some 
authors found that the transplanted muscle tissue became com- 
pletely necrotic soon after transplantation; others found that it 
showed peripheral regeneration for some time and then degener- 
ated, and still others concluded that it remained alive m toio, es- 
pecially if nerve connections were soon established between host 
and transplant. It will not be necessary to review here the literature 
in detail; instead, we can refer to the review of Eden in Lexer’s ^ 
book on transplantation. For our purposes it will be sufficient to 
refer specifically to the experiments of Saltykow,^ who carried out 
an extensive series of autotransplantations in rats and mice, of 
Askanazy ® and Jores-Koln,^ and of Shinya,^ the only author who 
compared carefully the results of auto- and homoiotransplantation 
of striated muscle tissue. 

Concerning the differences between auto- and homoiotransplanta- 
tion in general, Loeb ® and his associates studied auto-, syngenesio- 
and heterotransplants of various organs. In a summary of his own 
investigations and of those of his collaborators, he concludes that 
the reactions against the transplant are quantitatively parallel to 
the relationship between host and donor and that the behavior, of 
the lymphocytes especially, but also of connective tissue, can be 

* Received for publication April 22, 1929. 
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used as a quantitative indicator of that relationship. The auto- 
transplants have the greatest degree of efficiency in preserving their 
integrity, in maintaining inviolate the relationship between paren- 
chyma and stroma and in preventing the invasion of the transplant 
by lymphocytes and connective tissue of the host. This efficiency 
decreases as we pass from syngencsio- to homoiotransplants. The 
lymphocytic reaction is lacking in the autotransplant and it in- 
creases progressively as the relationship between host and transplant 
becomes more distant, reaching a maximum in the homoiotransplant. 
It decreases in the heterotransplant if the toxic action of the body 
fluids has caused a marked injury of tire transplanted tissue; other- 
wise the reaction is very pronounced in these cases and, in addition 
to lymphocytes, polymorphonuclear leucocytes may be attracted. 

Saltykow made free autotransplantations of muscle and observed 
that, at first, the muscle degenerated. At five days he found evidence 
of far advanced regeneration, the muscle nuclei being now more 
numerous and larger in size. The contractile substance surrounding 
the nuclei degenerated into small, granular masses and disappeared. 
Gradually there occurred a formation of spindles and from these, 
narrow muscle fibers were produced. He also observed that the 
fibers closest to the periphery were either best preserved or showed 
the greatest regeneration, owing to their greater proximity to the 
blood vessels of the surrounding tissue. At two weeks the fibers were 
wider and the nuclei, although still increased in number, were situ- 
ated in the periphery of the fibers and had become less numerous. 
A few fibers showed suggestions of cross-striations. At four weeks, 
the new fibers differed from the original ones only by being a little 
narrower. During the later stages a simple atrophy took place. At 
the beginning of the fourth month scarcely any cross-striated muscle 
fibers remained. He explains the final atrophy as being due to lack 
of use of the transplanted tissue. 

Askanazy transplanted muscle into the brain and observed re- 
generation at the end of the first week, but at the beginning of the 
third week he found signs of atrophy in most of the newly formed 
fibers. At two months, only the last remnants of the transplanted 
muscle fibers showing a fibrillar structure were seen. According to 
Jores, faradization of the autotransplanted muscle piece increases 
the regeneration of the peripheral muscle fibers and the temporary 
preservation of parts of the transplants. 
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Shinya was the only author who, besides studying the fate of the 
muscle transplants, also compared the histological pictures resulting 
from auto- and homoiotransplantation of cross-striated muscle into 
peripheral nerves. He concluded that muscle can be transplanted to 
the same host as well as to unrelated hosts of the same species with 
good results. In accordance with the previous findings of Loeb and 
his collaborators, Myer’^ and Sale,® in the case of other organs, 
Shinya observed that the lymphocytic reaction is much stronger in 
the homoio- than in the autotransplant, and also that the muscle 
fibers maintain themselves much longer in the latter than in the 
former. Furthermore, the intensity of new formation of muscle 
fibers was much less and the newly formed fibers degenerated much 
earlier in the homoio- than in the autotransplant. After thirty-five 
days he found that the autotransplanted muscle had disappeared 
completely and had been replaced by connective tissue. In the 
homoiotransplants, at twenty-seven days there was merely a 
necrotic dark red-staining piece visible, in which many leucocytes 
had accumulated, Shinya used dogs for his experiments and in trans- 
planting the tissue he made a longitudinal split in the perineurium 
of the sciatic nerve, through which a piece of muscle was transferred 
into the middle of the nerve substance; the perineurium was after- 
wards sewed up with human hair to prevent the extrusion of nerve 
substance and of the transplant. 

Concerning the methods by which the cross-striated muscle fibers 
regenerate, different views have been expressed. Some authors 
state that the regeneration occurs through outgrowth of cells of an 
embryonal type which later produce muscle tissue, while others 
maintain that it takes place by means of terminal and lateral bud 
formation in the cut muscle fibers. According to Krause ® the 
nuclei of the old muscle fibers increase and around these the muscle 
cells form, Saltykow, in his experiments, nevpr observed a genuine 
budding of the old contractile substance into young fibers, Shinya 
concluded that the manner of formation of new muscle fibers dif- 
fers in the auto- and homoiotransplants. In the former there were 
seen mainly single sarcoblasts and cellular chains of syncytial ele- 
ments, while in the latter the multinuclear buds of muscle were 
predominant. According to this author, this difference is a mor- 
phological expression of the biochemical differences between indi- 
viduals of the same species. 
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Experiments 

In studying the problems above stated, we used rats in which we 
excised a piece of the xyphoid cartilage, together with a part of the 
cross-striated muscle attached to it, and then transplanted it either 
into a subcutaneous abdominal pocket of tlic same rat (autotrans- 
plant) or of another unrelated rat (homoiotransplant). Rats from 
different breeds were used to ensure lack of relationship in case of 
homoiotransplantation. In every experiment eacli animal received 
both an auto- and a homoiotransplant in two different subcutaneous 
pockets, from whicli the pieces were removed after varjdng periods 
ranging from two days to one hundred eighteen days. In the main 
our observations were as follows: 

Two-Day Aulotrausplaut: The muscle fibers are almost every- 
where degenerating, most of tliem having undergone necrosis. A 
few of the fibers still have cross-striations. Many poljnnorpho- 
nuclear leucocytes are invading and destroying the muscle. Small 
blood vessels are sometimes seen among the muscle fibers. 

Two-Day Homoiotransplant: The appearance of the muscle is 
similar to that seen in the two-day autotransplant. Perhaps the 
fibers are slightly more fibrillar and granular in the homoiotrans- 
plant, but this difference is probably without significance. 

Four-Day Autotransplant: The muscle, for the most part, is 
broken up and degenerated. Cross-striations can still be seen in a 
few degenerating fibers; the large majority of the nuclei are pyk- 
notic. Peripherally, the muscle tissue is being replaced by fibroblasts, 
round cells and a few small blood vessels. However, in this area there 
are a few small slender muscle spindles which are multinucleated, the 
nuclei being vesicular. There are also present in the periphery, small 
circular remnants of muscle tissue cells containing much cytoplasm 
and showing multiple nuclei. Thus we find in this piece, associated 
with degenerative processes in the muscle fibers, proliferation of 
muscle nuclei. 

Lymphocytes are numerous in the periphery and they have in- 
vaded and destroyed the muscle fibers in that region. Centrally, 
although the fibers are almost everywhere degenerated, there is 
very little lymphocytic infiltration. 

Four-Day Homoiotransplant: Most of the muscle appears normal, 
although occasionally a necrotic fiber is seen. A few of the muscle 
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nuclei are pyknotic. There is here, little or no evidence of regenera- 
tion such as was seen in the four-day autotransplant. Peripherally 
there is a slight increase in the number of l3Tnphocytes and fibro- 
blasts. 

Six-Day Autotransplant: In this piece there is almost everywhere 
very marked proliferation of the muscle nuclei. The transplant is 
made up chiefly of long slender muscle spindles which stain bluish 
pink and contain numerous vesicular nuclei. Very faint cross- 
striations can be seen in many of the spindles. Nucleoli are present 
in a number of the muscle nuclei. In a few of the muscle spindles 
the nuclei are clumped together at one end. Peripherally, many 
remnants of muscle tissue, smaU in size, round in shape and con- 
taining multiple vesicular nuclei are present. There are a moderate 
number of lymphocytes and connective tissue cells scattered dif- 
fusely between the spindles, invading and replacing some of them. 
SmaU blood vessels are also seen among the lymphocytes and con- 
nective tissue ceUs. No budding off of new muscle fibers from the 
old can be observed. 

Six-Day Eomoiotransplant: A great part of this transplant is 
made up of smaU, circular, multinudeated muscle remnants. There 
are seen also a number of slender pink-staining muscle spindles 
containing multiple large vesicular nuclei. However, the muscle 
spindles do not appear- to be as numerous here as in the autotrans- 
plant, nor is the degree of nuclear proUferation as intense. No 
mitoses can be found. Very faint cross-striations are present in a 
few of the multinudeated spindles. Lymphocytes are seen almost 
everywhere in the transplant, the infiltration with these ceUs being 
much greater here than in the autotransplant. Many of the lympho- 
cytes have, among them, large vesicular nuclei which are surrounded 
by only a very smaU amount of cytoplasm. There are, furthermore, 
scattered fibroblasts as weU as smaU blood vessels throughout the 
transplant. 

Ten-Day Autotransplant: At one end of the transplant is an area 
in which are seen moderately long, pink-staining muscle spindles 
which are multinudeated, the nuclei being situated, not in the center 
as formerly, but chiefly at the periphery of the spindles. In previous 
transplants the nuclei in the spindles were more numerous and ve- 
sicular and a larger number of them were situated centraUy. Thus 
there is an indication that the muscle fibers are again attaining their 
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mature state; a large number correspondingly show very distinct 
and regular cross-striations. In the periphery of the transplant 
many muscle remnants arc present and some round cells, as well as 
fibroblasts, are invading the muscle tissue leaving many muscle 
nuclei surrounded by small amounts of cytoplasm. Small blood 
vessels are also numerous in this area. 

Ten-Day Ilomoiolransphnt: The muscle is largely degenerated. 
In the central part of the transplant there arc a few thick degener- 
ated muscle fibers which still have distinct cross-striations. These 
fibers appear mature and represent, probably, the originally trans- 
planted fibers which now have undergone degeneration. At the ends 
of several muscle fibers there are a number of large pyknotic nuclei. 
Very few round cells can be seen in this region. However, around 
this area and toward the periphery the muscle consists of degener- 
ated remnants which arc multinucleated and everyvvhere sur- 
rounded or invaded by lymphocytes. Here the Ijunphocytic reaction 
is marked. Lymph vessels filled witli lymphocytes, as well as 
numerous small blood vessels, are found between many of the 
muscle remnants. Peripherally, a number of nuclei with very little 
cytoplasm about them lie among the round cells. The nuclei are, 
as a rule, not as large or as distinctly vesicular as those in the auto- 
transplant, altliough some proliferation is apparently taking place. 
In addition to the lymphocytes, connective tissue cells are rather 
numerous in this area. 

Fifteen-Day Autotransplant: There are present in this transplant, 
well formed slender muscle fibers with distinct and regular cross- 
striations. Very little degeneration of the fibers is seen. The muscle 
nuclei are still increased in number, but are not as numerous as in 
the earlier transplants; also they are in general smaller, more elon- 
gated and situated nearer the periphery of the fibers than the nuclei 
of earlier muscle pieces. There is almost no lymphocytic invasion, 
while a few very small blood vessels are seen between some of the 
fibers. Thus, the muscle now consists almost entirely of long slender 
fibers with good cross-striations staining normally, and showing still 
an increase of muscle nuclei. Nowhere can there be seen a true, new 
formation of muscle fibers with an outgrowth into an area which had 
originally been free of muscle tissue. 

Fifteen-Day Eomoiotransplant: The transplant is almost com- 
pletely degenerated; it is surrounded by a connective tissue capsule 
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containing numerous round cells. Near the capsule, a few muscle 
remnants containing several peripherally placed nuclei are present, 
but centrally almost no muscle tissue is seen, it being replaced chiefly 
by blood vessels and a small number of round cells and connective 
tissue. However, some regeneration does take place, as is indicated 
by the appearance near the periphery of a very few small slender 
muscle fibers which are multinucleated, the nuclei being situated 
chiefly at the ends or the periphery of the fibers. 

Twenty-Day Autotransplant: The muscle here has practically the 
same appearance as in the fifteen-day autotransplant. The fibers 
are well formed and slender. They also stain well and have distinct 
and regular cross-striations. They appear a little more mature than 
at fifteen days, the nuclei being less numerous, peripherally placed, 
spindle-shaped and more darkly staining. Small capillaries again 
are seen between the fibers while very few lymphocytes are present 
in the muscle. There is some sign of degeneration in a few areas at 
the periphery of the transplant where the fibers stain paler, appear 
granular and have no distinct, regular cross-striations. 

Twenty-Day Homoiotransplant: In this piece the muscle fibers 
which occur along the side of the transplanted cartilage have been 
almost completely destroyed and replaced by round cells, connec- 
tive tissue cells and small blood vessels. Only in a few places an oc- 
casional muscle remnant containing a few pyknotic nuclei is seen. 
Extending peripherally from the area first described is a group of 
large thick degenerated muscle fibers which are surrounded by a ring 
of round cells, connective tissue cells and blood vessels, together with 
occasional small degenerated muscle remnants. These large muscle 
fibers contain only a small number of round cells and appear to be 
the remains of the original transplanted muscle. 

Twenty-Eight-Day Autotransplant: The muscle fibers as a rule 
have cross-striations and are rather long and slender. The nuclei 
are small, are not increased in number and are situated at the pe- 
riphery. In some places, especially at the periphery of the transplant, 
the muscle tissue is degenerated, the fibers losing their stain and ap- 
pearing granular and fibrillar. A very few of them are completely 
surrounded by connective tissue and are necrotic. Small blood ves- 
sels are scattered throughout the muscle tissue. No l3nnphocytic 
invasion of the muscle can be seen and while connective tissue is 
present about all of the muscle tissue, it does not invade the fibers. 
There are practically no lymphocytes in the connective tissue. 
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On the whole, the muscle fibers although somewhat irregular 
and degenerated in a few places seem to be mature and in good 
condition. 

Thirty-Two-Day Hovioiolransplavl: To one side of the cartilage, 
there is a very dense area of lymphocytes which have almost com- 
pletely destroyed the transplanted muscle in this area. The round 
cell reaction is extremely intense. In addition lymph vessels are 
packed with lymphocytes. In the middle of this area of round cells, 
and also approacliing one end of the cartilage are seen rather nu- 
merous, very small and slender pale pink-staining muscle fibers which 
are spindle-shaped and whicli contain multiple, elongated nuclei at 
their periphery. Well defined cross-striations are present in a num- 
ber of these fibers, which are well preserved in spite of the intense 
lymphocytic invasion about tliem. In one place in the periphery 
may be seen a number of small degenerated muscle remnants among 
the round cells. In this specimen, thus, the round cell reaction has 
become intense and has destroyed the greater part of the muscle; 
however, there is, even here, still a small amount of regeneration 
taking place. 

Forty-Day Autotransplant: At one end of the cartilage trans- 
planted muscle tissue is found. The fibers, on the whole, appear 
normal, stain well and have cross-striations. In the periphery a few 
of them are granular or show a fibrillar structure. The muscle nuclei 
are slender, elongated, stain darkly and are not increased in number. 
There is no lymphocytic invasion between or in the muscle fibers. 

Forty-Day Eomoiotransplant: The appearance of this transplant 
is very similar to that of the thirty-two-day homoiotransplant. The 
l3rmphocytic reaction is intense and masses of Ijmiphocytes have 
replaced almost completely the transplanted muscle. In one area, 
at the periphery of the transplant, a number of muscle remnants 
are being invaded by round cells and connective tissue cells. In 
another area, likewise in the periphery, there are present a small 
number of short slender multinucleated muscle spindles, indicating 
that some regeneration is still taking place. However, no cross- 
striations are present in these spindles, whicli thus differ from those 
seen in the thirty- two-day homoiotransplant; here also, round cells 
and small blood vessels are invading and destroying the muscle 
spindles. 

Fifty-Day Autotransplant: The transplanted muscle is represented 
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by a number of slender pink-staining fibers, which have distinct and 
regular cross-striations. The muscle nuclei are somewhat larger than 
normal, are multiple and situated at the periphery of the fibers. The 
muscle appears normal in every respect, except that the fibers are 
comparatively small and slender and contain an increased number 
of rather large nuclei. Fibroblasts are numerous and are invading 
and destroying many of the muscle fibers. Practically no l)mipho- 
cytes are present. 

Fifty-Day Homoiotransplaiit: On one side of the cartilage is an 
area containing many l 3 miphocytes, fibroblasts and a few small 
blood vessels, which almost completely replace the transplanted 
muscle tissue. Occasionally, small, oval, pale pink muscle remnants 
which sometimes contain a few nuclei, are seen. These are the only 
traces of muscle tissue which remain. No evidence of muscle regen- 
eration is seen. 

Seventy-Day Autotransplajit: The muscle fibers as a rule are small, 
but appear to be living. Many of them are somewhat irregular in 
outline. There is no lymphocytic invasion of the muscle; fat tissue 
is present between a number of the fibers. 

Seventy-Day Eomoiotransplant: The lymphocytic reaction in this 
piece is extremely intense, the lymphocytes taking up practically the 
whole of the transplant. Very few traces of muscle fibers remain. 
Occasionally some muscle nuclei lying within very small granular 
muscle remnants are seen, grouped together among the lymphocytes. 
Fibroblasts are rather numerous. 

Eighty-Six-Day Autotransplant: The transplanted muscle has 
practically the same appearance as that of the seventy-day auto- 
transplant. 

Eighty-Sioo-Day Eomoiotransplant: At one side of the cartilage 
there is an area of connective tissue in which there are several dense 
collections of lymphocytes; occasionally there is a lymph vessel full 
of lymphocytes. The round cells have replaced about all of the 
transplanted muscle. However, a few vesicular muscle nuclei are 
seen within very small slender spindle-shaped fibers which are 
lying among the lymphocytes. In some places a few degenerated 
fibrillar muscle remnants having no cross-striations are present. 

One-Eu7idred-and-Eighteen-Day Autotransplant: The transplanted 
muscle fibers are hving and well preserved at this stage. The large 
majority of them stain well and have well defined, regular, cross- 
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striations. They are of normal thickness, and appear in almost 
every respect like normal, mature muscle tissue. Some of the fibers, 
however, contain small chains of nuclei varying in number from three 
to eight, situated usually near the periphery. In some places, es- 
pecially in the peripherj’’, the fibers are small and granular and often 
show some invasion by a few connective tissue cells and lymphocytes. 
Small blood vessels are rather numerous in this region. The connec- 
tive tissue cells and, to a less extent, the lymphocytes are somewhat 
increased in this autotransplant. In several one-hundred-and-eight- 
een-day autotransplants, no muscle tissue could be found, this being 
possibly due to the fact that the part of the piece containing muscle 
was not obtained for examination. 

Onc-Rundrcd-and-Eighlccn-Day Romoiolrausplaut: Almost no 
muscle tissue can be seen in this transplant, although at one end a 
very few small degenerated remnants are still present among the 
lymphocjdes, which are very numerous in this region and have re- 
placed the muscle. In other places, only connective tissue contain- 
ing a few small blood vessels and scattered lymphocytes is observed. 

Conclusions 

In the autotransplants, during the first few days follo^ving the 
transplantation, the muscle is invaded by polymorphonuclear leuco- 
cytes and the greater part of it becomes necrotic. However, as early 
as four days after the operation there is found some proliferation of 
muscle nuclei within preserved fibers. At six days, we note a marked 
proliferation of muscle nuclei with the formation of long slender mus- 
cle spindles, many of which are again developing cross-striations. 
The number of leucocytes is decreased. The spindles subsequently 
take on a more mature appearance, the cross-striations becoming 
more definite and numerous, the nuclei decreasing in number and 
assuming a more nearly peripheral situation. At fifteen days the 
muscle consists chiefly of long slender fibers which contain good cross- 
striations, but which stiU show an increase in the number of muscle 
nuclei. Lymphocytes, which at earlier periods were present in small 
numbers, have at this time almost completely disappeared. At 
twenty-eight days, the muscle, except for slight signs of degenera- 
tion in a few areas, appears mature and normal in almost every re- 
spect. This is also the case at forty days, the muscle having reached 
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its greatest development at this stage. At fifty days there is notice- 
able much fibroblastic invasion of the muscle fibers, which are com- 
paratively small, contain an increased number of nuclei but which 
have definite, regular cross-striations. At seventy and eighty-six 
days the muscle is still living and also at one hundred and eighteen 
days, at which period the fibers are in very good condition and look 
normal, except that in some of them there are a few small chains of 
nuclei and tliat there is also some increase in the connective tissue 
cells and lymphocytes. It should be mentioned, however, that not 
in all experiments was muscle seen at one hundred and eighteen 
days. 

In the homoiotransplants at two and four days, the appearance of 
the muscle is similar to that of the autotransplants, but almost no 
evidence of nuclear profiferation is present in the four-day trans- 
plant, in contrast to the corresponding autotransplant. At six days 
the lymphocytic reaction is becoming distinct, although it is not 
yet very marked. The degree of regeneration, as shown by the 
nmnber and appearance of the muscle nuclei, as well as of the 
spindles, is less in the homoiotransplant. At ten days the lympho- 
cytic reaction increases in intensity and the muscle fibers undergo 
degeneration, with the consequent formation of many muscle rem- 
nants. There is still a slight proliferation of muscle nuclei at this 
stage. The lymphocytic invasion of the muscle and its destruction 
increase. At thirty-two days the lymphocytic reaction has become 
so intense that the muscle has been almost completely replaced 
by such collections of small round cells. However, among the 
round cells there can be seen a few small multinucleated muscle 
spindles with well marked cross-striations, indicating that slight 
regeneration may still be proceeding or that regenerated cells are 
surviving. The l3miphocytic invasion continues to increase, with 
connective tissue cells also playing a part, and at fifty days only a 
few muscle remnants remain. At seventy days the round cell 
reaction has reached its height and now, as well as somewhat later, 
only a very few degenerated muscle remnants remain. Finally, at 
one hundred and eighteen days, practically no muscle tissue can be 
found, it having been replaced by lymphocytes, connective tissue 
and a few small blood vessels. Thus, it is seen that in the homoio- 
transplants regeneration takes place in a similar manner to the 
autotransplants; but the regeneration is less intense. Furthermore, 
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the degenerative processes due to the lymphocytes and, to a less 
extent, to the connective tissue, are much more pronounced in the 
homoiotransplants. 

The differences between auto- and homoiotransplantation of 
cross-striated muscle tissue described in our experiments are in 
accordance with the results obtained by Loeb and his co-workers in 
the case of other tissues and also, in a general way, witli the subse- 
quent work of Shinya in the case of cross-striated muscle. However, 
Shinya, as has previously been mentioned, assumes that there exists 
a difference in the manner of regeneration between auto- and ho- 
moiotransplants, inasmuch as, in the former, not only muscle 
spindles develop, but also independent myoblasts appear at the 
edge of the wound, whereas in tlie latter only muscle spindles were 
seen. No such differences between these two types of transplants 
were seen in our experiments. Furthermore, in Shinya’s experi- 
ments the muscle tissue of the autotransplants was replaced by 
connective tissue as early as thirty-five days after operation, while 
in our experiments good transplanted living muscle tissue was 
found as late as one hundred and eighteen days after transplanta- 
tion, this being the longest period at which autotransplants were 
examined. In the homoiotransplants, Shinya found complete 
necrosis at twenty-seven days, while in our experiments a few mul- 
tinucleated muscle spindles were present as late as forty days. 
Saltykow carried out only autotransplantations of cross-striated 
muscle and his description of the latter process is similar to ours; 
however, in contrast to our findings, he reported practically a com- 
plete disappearance of the cross-striated muscle fibers at the begin- 
ning of the fourth month. 

Our experiments prove that after autotransplantation striated 
muscle can survive in the host at least for a period of four months 
without functioning. How much longer autotransplanted muscle 
could thus be preserved in the rat, we do not know. In certain places 
we found some indication that there was an increased activity of 
fibroblasts among the transplanted muscle fibers in the later 
periods. This may be taken as an indication that even in auto- 
transplants some destruction takes place in the course of time. 

As to the homoiotransplants, their injury and destruction are 
evidently due to two factors. Primarily, the regeneration and per- 
haps also the preservation in the first period following transplanta- 
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tion, are less in the homoiotransplants than in the autotransplants. 
This indicates a direct injury of the transplant by homoio toxins, a 
conclusion which is in accordance with the observations of Hessel- 
berg and Loeb in the case of the unstriated muscle tissue of the 
uterus; and of Loeb in the case of the placentoma formation in the 
transplanted uterine tissue. In the second place, the l3nnphocytes 
and also the connective tissue take an active part in the destruction 
of the homoiotransplanted muscle tissue while they leave intact 
the autotransplanted muscle. In this respect striated muscle tissue 
behaves, after transplantation, like all the other tissues so far trans- 
planted into other individuals of the same species. 

There remains still one point to be discussed; namely, the evident 
lack of extensive regeneration, if we use this term in its strict sense, 
as indicating an outgrowth of tissue into a defect, leading to a filling 
in of the defect. As far as we can make out such an outgrowth does 
not take place to any noticeable extent; instead, we find a reforma- 
tion, through growth processes, of a part of the degenerated muscle. 
We have, therefore, to deal in the case of transplantation of striated 
muscle tissue with a process in some respects akin to that which we 
find in compensatory hypertrophy, as for instance, in the liver, rather 
than with a regeneration such as takes place in the case of the 
epidermis. 

Summary 

1. After autotransplantation of striated muscle tissue in the rat, 
well preserved muscle tissue was found as late as one hundred and 
eighteen days after transplantation, the further fate of the muscle 
tissue not having been studied yet. 

2. After homoiotransplantation, there is less regeneration of the 
muscle tissue in the first period after transplantation, and much 
more degeneration due to invasion by lymphocytes and, to a less 
extent, by connective tissue at subsequent periods. As a result 
of these conditions, homoiotransplanted muscle disappears much 
earlier than autotransplanted muscle, no preserved tissue being 
present at fifty days." 

It is therefore probable that in addition to the action of the lym- 
phocytes, the homoiotoxins may injure the muscle tissue directly, 
diminishing the regenerative process and increasing the subsequent 
degeneration. 
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3. Nowhere was there seen a true outgrowth of muscle fibers, 
either in continuity with the preformed transplanted muscle or by 
budding. The old muscle tissue, after a primary degeneration of its 
major portion, undergoes regenerative processes, consisting in an 
increase of its sarcoplasm and a proliferation of its nuclei; subse- 
quently tliere is a differentiation of the sarcoplasm into typical 
striated muscle, in whicli cross-striations arc again formed. In the 
course of time the nuclear proliferation becomes less active; the 
nuclei decrease in number and become situated peripherally within 
the fibers, while the fibers as such increase in size, until finally 
there are again present almost normal muscle fibers. This growth 
process is, in certain respects, comparable to compensatory hyper- 
trophy or hyperplasia ratlier than to regeneration in the strict 
sense. 
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INTRACRANIAL CHORD OBLASTOMA * 

Percival Bailey and Duuitri Bagdasar 

{From the Surgical Clinic of Dr. Harvey Cushing, Peter Bent Brigham Hospital, 

Boston, Mass.) 

In 1846 R. Virchow noted on the surface of the clivus Blumen- 
bachii a small slimy excrescence attached to a defect in the bone 
(Fig. i). He spoke of it at the Wiirtzburger physikalisch-medizini- 
schen Gesellschaft on February 24, 1856, and in 1857 gave it the 
name of eccliondrosis physaliphora. In the meantime the same struc- 
ture had been described by Luschka (1856), but its true nature was 
first pointed out by Muller in 1858. 

Muller showed from the study of human material that the ecchon- 
drosis physaliphora was a persistent remnant of the notochord, but 
his work was not accepted as final and the nature of the malforma- 
tion was disputed until the publication by Ribbert (1895) ex- 
periments on animals which proved conclusively the notochordal 
origin. In 1894 Ribbert suggested the name chordoma which has 
since been employed. 

It was soon found that similar formations might develop all along 
the spinal canal, particularly at the sacral extremity. The records of 
the cases described have been coUecte’d in the reviews of Coenen 
(1925), of Corsy and Surmont (1927), and of Stewart and Morin 
(1926). The ecchondrosis physaliphora of the clivus Blumenbachii 
was soon discovered to be a fairly frequent malformation, being 
found in 2 per cent of necropsies by Ribbert and in 1.5 per cent by 
Stewart and Morin. Interest in it soon declined, although occasional 
reports occur in the recent journals (c/. Ajello, 1927), but was re- 
vived by the publication of cases in which it had reached a size suflS- 
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dent to cause symptoms of intracranial tumor. The first record of 
this kind is that of Klebs (1864), in which is contained the account 
of a middle-aged man, said to have died of tetany. At necropsy was 
found a cloudy-white tumor attached to the clivus and measuring 
1.5 by 2 by 1.8 cm. in diameter. Klebs was not sure that the tumor 
had caused the symptoms from which his patient suffered but un- 
doubted instances have since been published to the number of about 
thirty-two, namely; the cases of Grahl (1903), Seifltcr (1905), Fischer 
and Steiner (1907), Linck (1909), Frenkel and Bassal (1910), Jelliffe 
and Larkin (1911), Eitel (1911), Spiess (1911), Wegelin (1911), 
Hassner (1912), Kotzareff (191S), Argaud (1918-19), Daland (1919), 
Fabricius-Mpller (1919), Ilellmann (1921), Swars (1921), Lemke 
(1922), Mathias (1923), Hirsdi (1923), Burrow and Stewart (1923), 
Arauz and Podcsta (1923), Andre-Thomas and Jumentie (1923), 
Grossmann (1923), Filippini (1924), Eckel and Jacobs (1925), Citelli 
(1927), Castex and Camauer (1927), Camauer, Llambias and Mortola 
(1927), ScdId£kovid-Sikl (1927), Argaud and Clermont (1928) and 
of Loebell (1928). 

Details concerning most of tlie above tumors are readily available 
in the reviews of Stewart (1922) and of Stewart and Morin (1926). 
We may abstract the others briefly as follows: 

Hirsch (1923). Mentioned in discussion of Grossman’s case that he had a 
similar nasopharyngeal tumor, on which he operated by splitting the palate. It 
recurred a year later. No other details given. 

Arauz and Podesta (1923). Female, 17. For twelve years difficulty of 
respiration and nasal speech. Tumor in left nasopharynx. X-ray showed lesion 
of axis. Paralysis of left external rectus. Vomiting but no headache. De- 
veloped slight hemiparesis. Biopsy; death fifteen days later. Illustrations show 
typical chordoma. 

Filippini (1924). Female, 36. For seven years nasal voice. For three years 
difficulty of swallowing. Lately failing vision in right eye and finally disturb- 
ance of equilibrium. Right eye blind. Nystagmus on looking to right and left. 
Dysphagia. Paresis of right facial and of soft palate. Necropsy disclosed miliary 
tuberculosis. Tumor size of mandarin orange on clivus. 

Citelli (1927). Male, 18. For one year difficulty in breatliing. Bleeding 
from nose. Tumor filling nasophaiynx. Biopsy; abundant hemorrhage. Partial 
removal. Recurred two years later. 

Castex AND Camauer (1927). Female, 20. Sleepiness and rapid oscillation 
of right eye. Later headache and vomiting. Dysarthria. Neuralgia in both 
jaws. Dysphagia. Paralysis of tongue. Right ptosis. Dilatation of right pupil. 
Paralysis right vocal cord; also right trapezius. Paresis both sixth nerves. 
Exaggeration tendon reflexes on left side. Died of pneumonia. Translucent 
tumor extending from optic chiasm to foramen magnum. 
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Camauer, Llambias, and Mortola (1927). Male, age not given. Transi- 
tory attack of loss of consciousness with weakness of left foot and double vision. 
Paresis right twelfth nerve. Left hemiparesis. No choking of optic discs. Died 
of pneiunonia after a second attack. Small gelatinous tumor on clivus. 

SedlaCkovia-Sikl (1927). Mentioned by Podlaha and Pavlicka. Details not 
available. 

Argadd and Clermont (1928). Female, 48. Small tumor of nasopharynx 
removed. Recurred several months later. Removed by trans-sinuso-facial 
route. Examination showed tumor to be chordoma. Said to have had “no 
ocular troubles.” 

Loebell (1928). Male, 62. Difficulty in breathing through left nares. Feel- 
ing of pressure in left ear, dizziness and faintness. Mass in left nasopharynx. 
Left third, sixth, and eighth palsy. X-ray showed sella turcica destroyed and 
erosion of petrous bone. Operated through antrum. Treated with radium. Re- 
curred after one and a half years. Paralysis of both 3rd, sth, 6th, 9th, and loth 
nerves. Death. No necropsy. 

To these records we wish to add two others, believing that in the 
case of so rare a tumor the publication of isolated instances in as 
much detail as possible is not only justifiable but necessary if a satis- 
factory general view of their structure, clinical course and treatment 
is to be obtained. 


Case Reports 

Our first experience with these tumors occurred in 1928 when in 
examining the specimen from a supposed case of pituitary tumor we 
found the typical physaliferous cells. The record follows : 

Case I. Intracranial C/tardoblasloma with Symptoms of a Suprasellar Tumor. 
Transfrontal Exploration with Removal of what was taken for a Suprasellar 
Adenoma. Recovery. 

On Jan. 4, 1928, Dr. A. M. Goldman of New York referred to the Peter Bent 
Brigham Hospital (Surg. No. 30402) a married Jewess, aged 34, complaining of 
headache and failing vision. 

The family history was irrelevant. She began to menstruate at 14 years of 
age; was married at 20, and became pregnant but aborted after two months. A 
unilateral ovarectomy was performed. Since then her catamenia had been regu- 
lar and normal. For about eighteen years she had recurrent headaches of gradu- 
ally increasing frequency consisting of a dull ache above the inner angle of the 
left eye. During the past year she had gained about 20 pounds in weight. For 
the past three months her vision had been rapidly failing. Her physician stated 
that she had recently become somewhat childish and irritable and that her 
memory had been poor. 

Examination on admission showed an alert and cooperative woman. There 
was found a bilateral primary optic atrophy (visual acuity 20/100 on either 
side), bitemporal hemianopsia, slight obesity (wt., 70 Kg.; ht., i.s8m), blood 
pressure slightly low (108/68), a slightly subnormal basal metabolic rate (-12), 
normal skin and distribution of hair, normal seUa turcica, and normal urinary 
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considerable bleeding, necessitating packing of the ca\nty. Tlie patient pulled 
the drains from his nostrils and died of hemorrhage during the night. 

A complete necropsy was made. The general c.\amination was not remark- 
able. The brain was removed after fixation in situ with the sphenoidal bone at- 
tached. There was a large friable mass of tumor about s cm. in diameter lying 
between the infundibulum and pons and prc.sslng the peduncles forcibly upward 
(Fig. 3), compressing and elongating the 3rd, 4th, and 6th cranial ncrv'cs. The 
left trigeminal nerve was also compressed. The hypophysis was flattened against 
the anterior surface of the growth. 

The tumor was preserved in 10 per cent formalin. Blocks were 
embedded in paraffin and sections stained with hematoxylin and 
eosin, and with hemato.xylin mucicarmine-metanil yellow; others 
were impregnated by Perdrau’s method. 

Microscopic Description: The tumor consists essentially of large 
vacuolated cells arranged in cords and masses, with a varying 
amount of intercellular material (Figs. 4 and 5). 

The cells are usually vacuolated in such a way as to leave a small 
amount of granular cytoplasm around the nucleus, but in many the 
vacuole lies excentrically. The nuclei vary enormously in size and 
shape; some are vacuolated. No mitoses are found. 

When stained wdth mucicarmine and metanil yellow the cyto- 
plasm appears yellow but the intercellular substance is bright red. 
The latter is usually amorphous or granular but in a few places is 
denser and homogeneous, ha\ang the appearance of cartilage. In 
these areas it has a reddish violet color in the Perdrau preparations; 
elsewhere it is not impregnated. In the cartilaginous regions occur 
granular deposits of calcium (Fig. 6). 

A few thin-walled blood vessels are present, surrounded by cuffs 
of lymphocytes. 

Comment: From the microscopic description and position of the 
tumor there can be no doubt of its nature. In Dr. Cushing’s mono- 
graph the tumor is said to consist of “embryonic cartilage contain- 
ing a few bone-cells with myxomatous and connective tissue.” It 
was interpreted at the time by Dr. Welch as a “mixed tumor from a 
congenital anlage.” According to our own examination the tumor 
consists of unmistakable notocliordal tissue with a great amount of 
mucoid intercellular stroma in which scattered islands of cartilage 
are differentiating. The only bone we found was in the inferior and 
outer parts of the growth and might have been a fragment of invaded 
cranium. There were, however, scattered granular deposits of cal- 
cium such as were found by Hassner (1912). 
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Cartilage normally forms from the notochord during regeneration 
(Barfurth) and during embryonic development in lower vertebrates, 
perhaps also in mammals and man (Salvi, 1899). It should not be 
surprising, therefore, to find cartilage differentiating in chordomas. 

Discussion 

Gross Appearance: These tumors are almost invariably described 
as having a grossly nodular but smooth surface, of a milky-white 
color. The cut surface is semitranslucent resembling that of carti- 
lage, but is of softer, often jelly-like, consistency. There are cysts 
filled with a slimy material resembling mucus. Other tumors are 
described as reddish or brownish, probably due to interstitial 
hemorrhage, although they are usually poorly vascularized and 
bleed only slightly when incised. 

These growths arise in the base of the sphenoidal bone and may 
project either upward into the intracranial cavity from the clivus 
Blumenbachii or downward into the nasopharynx through the 
craniopharyngeal foramen. In several cases there was both an intra- 
cranial and an intrapharyngeal extension (Wegelin, Spiess, Mathias, 
Linck, Hellmann). There are a few cases recorded in which the 
tumor seems to have been confined to the nasopharynx (Argaud and 
Clermont, Grossmann, Fabricius-M0iler), but in two of these there 
is no record of a neurological examination and in no instance has 
the absence of intracranial extension been proved by necropsy. 

The tumor may extend into the sphenoidal sinuses, the orbits of 
the eyes or even into the neck (Daland, 1919) and regional veins 
(Wegelin 1912). 

Microscopic Structure: The microscopic appearance of these 
tumors is remarkably uniform. The most characteristic feature is of 
course the vacuolated or physaliferous cells. It has been abun- 
dantly proved (Franco 1922, Grossmann 1923, Mathias 1921, 
Podlaha and Pavlica 1928) that the vacuoles are filled with glycogen. 
Since its demonstration demands fixation of the tissue in absolute 
alcohol we were unable to find it in our material. But we were able 
to show the presence of intercellular mucin, very abundant in Case 
I, less so in Case II. Sometimes the cells are widely separated by the 
mucin, causing a superficial resemblance to a chondroma; in others 
they are so closely packed that the tumor resembles a smaU-ceUed 
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carcinoma (Hellmann 1921). The cells arc usually arranged in 
groups or cords. 

The nature of the nuclear vacuolization, wliich was frequently 
seen in the tumor of our Case II, is still disputed. These vacuoles are 
said also to contain glycogen (Stewart. 1922). 

Diagnosis: The microscopic diagnosis is fairly easy, but the clini- 
cal diagnosis presents difficulties. Kotzareff has said that the diag- 
nosis during life is impossible. This is obviously not true of those 
tumors with a nasopharyngeal extension. Several such cases have 
been diagnosed by biopsy (Mathias, Loebell, Linck, Hirscli, Hell- 
mann, Grossmann, Fabricius-Mpllcr, Argaud and Clermont). 

But the diagnosis of purely intracranial chordomas is certainly not 
easy. The symptoms, as one might suppose, consist essentially of 
palsies of the cranial nerves, from the third to twelfth pairs. In such 
cases of multiple palsies the possibility of a chordoma must be re- 
membered. By extension forward to the optic chiasm a bitemporal 
hemianopsia may result (Spiess, our Case I) ; by distortion of the 
pons and peduncles pyramidal symptoms arise; by extension back- 
ward cerebellar symptoms are produced, and by increasing size 
symptoms of intracranial tension appear. However, although head- 
ache is common, choking of the optic discs is relatively rare and late 
in development. It is mentioned in six of the thirty-five cases; in 
two of them it was very slight. A more frequent complaint is pain 
on movement of the neck, doubtless due to extension of the tumor 
into the foramen magnum. 

In a few cases (Spiess, Loebell, Kotzareff) destruction of the base 
of the skull has been demonstrated by the X-rays. It is possible that 
with better technique this destruction could be more often seen. In 
cases of basal tumor we suggest that a stereoscopic examination be 
made with the plates under the patient’s chin and the rays coming 
from the parietal region. In this way the clivus Blumenbachii can be 
clearly outlined and small defects readily detected. 

The principal tumors to be differentiated would seem to be the 
carcinoma of nasopharyngeal origin which has invaded the intra- 
cranial cavity, the hypophysial carcinoma, the meningioma of the 
cavum Mecklii, the neurinoma of the acoustic nerve, the tumors of 
the hypophysial duct, and perhaps a rare pearly tumor. Of these the 
acoustic tumors and the tumors of the hypophysial duct have such a 
definite chronology and symptomatology that the confusion need 
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rarely arise; the pearly tumors do not erode the bone; and the palsies 
caused by meningiomas of the cavum Mecklii are unilateral. But the 
carcinomas of nasopharyngeal or hypophysial origin are more diffi- 
cult to differentiate. We know little of the latter tumors. It is to be 
hoped that the forthcoming study of Oljenick will aid in their recog- 
nition. Nasopharyngeal carcinomas can of course often be diag- 
nosed by examination of a specimen removed from the original 
tumor in the nasopharynx. 

In conclusion we would say that in any case of multiple palsies of 
the cranial nerves the possibility of a chordoma should be kept in 
mind; an examination of the nasopharynx or a proper roentgeno- 
logical study might aid in establishing the correct pathological 
diagnosis. 

Treatment: Study of specimens at necropsy gives little hope that 
these tumors can ever be completely removed. Vincent is said to 
have removed the tumor from the clivus in Argaud’s first case. The 
condition of the patient afterward is not mentioned; one may well 
imagine it. Attempts to reach the tumor by transfrontal (Cushing), 
temporal (Kotzareff), suboccipital (Andre-Thomas and Jumenti6), 
transnasal (Spiess) or transmaxillary (Loebell) operations have been 
equally unsuccessful. The nasopharyngeal extensions have been re- 
moved and treated by radiiun (Loebell) or X-ray (Daland) but have 
invariably recurred after a short interval. 
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Plate SS 

F:g. I. Ecchondrosis physaliphora (After Burrow and Stewart). 

Fig. 2. Case I. Photomicrograph of tumor. Methylene blue-eosin. Note 
cords of vacuolated cells separated by mucinoid material. X 300. 
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Pi-ATi; So 

I'lG. 3. Case II. Mcflian scclion of braio with tumor in place. Note its position 
between tlie infun(lil)ulum and pons. 

I'lG. 4. Case II. I’liotomicrograph of tumor. Iron-hemato.\>din. N’acuolcs are 
present botli in the cyto[ilasni and nuclei of the cells. X 300. 
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Intracranial Cliordoblastoma 



Pl.ATi; oo 


Fig. 5. Case II. Cords of vacuolate<l cell.s arc .‘^ccn. Mucicarminc-mctanil 
yellow. X 325- 

Fig. 6. Case II. C.dcium salt.s beinfi deposited in the mucoid stroma. Hema- 
toxylin and eosin. X 300. 
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INTRAVITAL STAINING OF MICROGLIA WITH TRYPAN BLUE* 
Dorothy S. Rosseli., M.B., B.S, 

(From the Department of Neurosurgery, McCall University, Montreal, Canada) 


It is commonly accepted that the intravital selection of the benzi- 
dine dyes from colloidal solution is characteristic of the cells of the 
so-called reticulo-endothelial system (Kiyono,^ Aschoff 2 ). Those to 
whom the name "reticulo-endothelial system" is objectionable will 
still admit the existence of a macrophage system with vital staining 
properties in the body whether these macrophages are labelled clas- 
matocytes, endothelial cells, Marchand’s adventitial cells, or collec- 
tively as histiocytes. Excluding the central nervous system these 
macrophages have been extensively studied; the reader is referred to 
Aschofi’s ® paper and to Maximow ^ for reviews of the work and the 
relevant literature. 

The macrophages of the central nervous system have as yet been 
imperfectly studied with the vital stain technique from the point of 
view of their relationship to, and possible origin from, glia. This is 
doubtless due, in part, to the recent development of the metallic 
impregnation methods of the Spanish school by which the different 
types of glia can be distinguished. Although vital staining has been 
applied to the brain, the procedure has not yet been combined with 
subsequent staining of sections by the silver carbonate methods of 
Hortega. Thus Macklin and Macklin ® were able to produce a strik- 
ing coloration of the tissues about cerebral pimcture wounds in rats, 
using trypan blue intravitally, and they described the appearance of 
granules of dye in the macrophages in such areas. They thought 
that some of the neuroglia cells also contained blue granules, but 
without special staining methods they were unable to trace the re- 
lationship of their macrophages to the glia. More recently Kubie ® 
applied Sabin’s supravital technique to the same problem with the 
object of elucidating the relationship of microglia to the phagocytes 
of the brain. He demonstrated the presence of l3ntnphocytes and 
clasmatocytes in the perivascular tissues of normal rabbits and 
guinea pigs by the supravital method, and intravitally in a rabbit 

* Received for publication June lo, 1929. 
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that had received repeated small injections of tr>'pan blue in the 
subarachnoid space. He could reach no conclusions concerning the 
part played by microglia in phagocjdosis. His inability to do so may 
be attributed to his apparent omission of the silver impregnation 
methods for demonstrating microglia. Moreover, he does not appear 
to have made use of the microglial reaction round cerebral punc- 
ture \YOunds, although he produced such punctures in six of his 
twenty-two animals. 

The vivid staining reaction obtained by Macklin and Macklin to- 
gether with their suggestive observations on the deposition of tiy-pan 
blue granules in the macrophages about puncture wounds, en- 
couraged tlie view that a repetition of their procedure combined wth 
specific staining of the microglia would throw some light on this 
relationship. 

The microglial reaction around a sterile puncture wound of the 
cerebrum has been described and figured by Hortega " and by Hor- 
tega and Penfield.'* Their observations have recently been repeated 
by Carmidiacl.® The striking accumulation of microglia cells in the 
periphery of the wound and the gradual transition between the nor- 
mal resting form of the cell \rith its numerous branched processes 
and the rounded-up, phagocytic forms, known as compound granu- 
lar corpuscles or GitlcrzeUcii, arc clearly demonstrated by these au- 
thors. The minute cytological changes involved in this transition 
have recently been described by Cone.^” 

Experimental 

The rabbit was used for this work on account of the ease -ndth 
which microglia can be demonstrated in this animal. The cerebral 
puncture was performed under ether anesthesia by tapping through 
the skull a three-inch nail the tip of which had been filed down to a 
fine tapering point. The nail was flamed before use but was allowed 
to cool down before being brought into contact with the tissues. The 
skin had been previously prepared by cutting the hair close and 
applying tincture of iodine. In no instance was there any evidence of 
bacterial infection. 

A preliminary microscopic study of the reaction about the wound 
obtained in this manner showed that the optimum time for observ- 
ing transitional forms of microglia lay between the second and 
fourth days after the operation. The reaction obtained at such a 
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Stage is seen in Figs. 7 and 8.* It was therefore decided to observe 
the eSects of intravital staining at this optimum period. Inciden- 
tally Macklin and Macklin found that the best intravital staining of 
the macrophages was also demonstrated within the same period, an 
observation that added point to the investigation. 

Cerebral puncture was therefore repeated in conjunction with 
intravital staining. The trypan blue was administered by the intra- 
peri toneal route following the directions given by Foot.^^ The sample 
of dye used was obtained from the National Aniline and Chemical 
Co. The dose used at first was 10 cc. of a i per cent solution of the 
dye in distilled water per kilo of body weight, but it was felt that the 
histological results obtained left room for improvement. The dose 
was then doubled without evidence of any toxic effect upon the ani- 
mal, and there is little doubt that the dye could be pushed further if 
an even stronger reaction were desired. The first dose was given 
three hours before the brain puncture was performed and was then 
repeated at twenty-four hourly intervals. At the end of three or 
four days the animal was killed with chloroform, and the brain im- 
mediately transfused through the carotid artery with formalin 
ammonium bromide. Later the brain was removed and transferred 
in suitable blocks to a bottle of the same fixative. Sections were cut 
at 15 microns on the freezing microtome a few hours later, or on the 
following day, and were stained for microglia by Hortega’s ammo- 
niacal silver carbonate method (Hortega,^^ see also Penfield^®). In 
using the method it was found advisable to leave the sections in the 
silver bath for less than thirty seconds, for a heavy impregnation is 
liable to obscure the granules of trypan blue, especially in the early 
transitional forms of microglia. Also prolonged toning in gold will 
change the blue of the dye to a purplish tint that is indistinguishable 
from the surroimding cytoplasm; for this reason the time in the gold 
bath was not longer than ten minutes. 

Description of Results 

The rabbits showed rapid absorption of the dye from the peri- 
toneal cavity. In the course of two hours after the first injection the 
skin, conjunctivae and gums assumed a distinct blue tinge, and the 

♦ These two figures are reproduced here with the kind permission of Dr. 
Penfidd; they have already been published by Hortega and Penfield.® 
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color became more brilliant as time progressed. The brain wound 
w’as therefore produced at a lime when the trj^pan blue had access 
to the site of injury'. After twenty-four hours the rabbits excreted 
bright blue urine. There was no evidence that the dye exerted any 
toxic action upon the animal in these experiments. 

On postmortem examination there was intense deep blue staining 
of the abdominal and thoracic viscera and of the soft tissues gener- 
ally. Where the smaller dose of trypan blue had been employed 
the cerebral puncture wounds showed a faint blue halo only around 
the central clot. When tlic larger dose had been administered there 
was a bright blue halo, the macroscopic effect resembling that figured 
by iVIacklin and Macklin in their experiments on the rat. The rest of 
the cortex appeared normal. There was a brilliant blue staining of 
Uie choroid plexuses, and the Icptomeningcs showed many fine dots 
and streaks of blue, especially in the deeper sulci. 

i\licroscopically there is a microglial reaction about the wound, of 
tlic ty^pc that has been described by' Hortega and Penficld (Figs. 7 
and 8). The track of the wound is occupied by recent blood clot in 
whicli a few Gillcrzcllai containing numerous granules of trypan blue 
are scattered. In the borders of the wound every type of transition 
can be traced between normal resting microglia and rounded Giitcr- 
zcUcu. On examination with high powers of the microscope discrete 
granules of try'pan blue of variable size can be detected in the cyto- 
plasm of all these transitional types (Figs. 2 to 6 inclusive), but, as 
might be expected, the blue is most abundant in the typical Gittcr- 
zcllcn and is relatively difficult to find in microglia cells that have 
undergone little change (Fig. 2). Almost all the trypan blue in the 
tissues about the wound can be accounted for by this intravital selec- 
tion of the dye by microglia and its derivatives. 

Granules of dye are also conspicuous in ameboid or spindle- 
shaped cells lying in the adventitia of the vessels in the neighborhood 
of the wound. These cells correspond without doubt to the clasma- 
tocy tes demonstrated supravitally by Kubie. They can be identified 
also as Marchand’s adventitial cells. There are also granules of dye 
in round and spindle cells in the leptomeninges. Occasionally a few 
cells containing granules of trypan blue, which are not impregnated 
with silver when treated by Hortega's method for microglia, are 
found in the brain tissue adjacent to the wound. These cells are 
probably monocytes that have migrated from the blood stream. 
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They are relatively scarce in comparison with microglia cells in the 
early stages of reaction in these wounds and assume a more con- 
spicuous part in the histological picture in the later stages, for ex- 
ample in wounds examined one week after the injury. Attempts to 
demonstrate granules of dye in the astrocytes by Hortega’s silver 
carbonate method were unsuccessful. 

In the rabbits used there was no evidence of that form of focal 
chronic encephalitis that is apt to appear spontaneously in labora- 
tory animals of this species. 

Discussion 

The presence of numerous granules of trypan blue in the com- 
pound granular corpuscles, or Gitterzellen, and in their antecedent 
ameboid forms calls for little comment as an isolated observation. 
The origin of compound granular corpuscles, however, has been a 
subject of controversy. According to Alzheimer these cells arise 
either from mesodermal tissues or from neuroglia. Metz and Spatz 
consider that they are derived from microglia, but regard microglia 
as a form of neuroglia and hence of ectodermal origin. Nissl traced 
them to a mesodermal source, and it is believed in many quarters at 
the present time, on the basis of Hortega’s work, that microglia fur- 
nishes the greatest number of these phagocytic cells in pathological 
conditions of the brain, and that microglia is of mesodermal origin. 

Whether all the Gitterzellen are derived from microglia or whether 
some of them may or may not arise more directly from other meso- 
dermal sources (for example from the adventitial clasmatocytes) is 
outside the scope of this paper. The demonstration of granules of 
trypan blue in all transitional forms between typical microglia and 
typical Gitterzellen serves not only as additional evidence of their 
direct relationship, but also places microglia on an imequivocal foot- 
ing as a part of the reticulo-endothelial system. It may be objected 
that microglia is precluded from this category because one cannot 
demonstrate granules of dye in the cytoplasm when the cell is in its 
resting form (Fig. i). It is recognized, however (Maximow ^), that 
the ability of macrophages in general to absorb the colloidal dyes is 
linked up with their phagocytic or ameboid activity. It is necessary, 
therefore, to employ a stimulus such as a simple aseptic prmcture 
wound to activate these cells, and hence to demonstrate their true 
nature. 
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Conclusions 

1. The intravital staining of microglia with trj'pan blue is demon- 
strated, using aseptic puncture wounds of the cerebrum as a stimu- 
lus to phagocytic activity. 

2. It is claimed that such intravital staining identifies microglia 
with the rest of the reticulo-cndothclial system of the body. 

3. These conclusions ofTer further support to Hortega’s conten- 
tion that microglia is a mesodermal element. 

4. There is no evidence of the formation of Gittcrzcllcu from neu- 
roglia or that neuroglia is able to take a vital stain. 

My best thanks are due to Dr. Penfield and to Dr. Cone for much 
guidance and advice. 
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Plate pt 

Intravital staining of microglia in border of slab wound of cerebrum of rabbit 
four days after operation. Twenty cc. of i per cent tiy-pan blue (s doses) intra- 
pcritoneally. 

Fig. I. Normal resting microglia cell in hippocampus. 

Fig. 2. Early transition. Scanty granules of ti^Tpan blue in cytoplasm. 

Fig. 3. Two cells showing later stage with granules of trypan blue in swollen 
cy-toplasm. The left-hand cell shows typical spinous branches of microglia 
at upper c.\trcmity. 

Fig, 4. Later change toward ameboid form. Trypan blue granules more abun- 
dant and processes almost lost. 

Fig, 5, Late transition stage; ameboid form of microglia. 

Fig, 6, Typical compound granular corpuscle or GiiterzeU, 

Camera lucida drawings, x 900. 
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Fig. 7. Compouiifl ^ranular corpufclc forms of microKlia at the horcicr of a .«tal) 
wound (T) made in the rabbit’s Iirain two da\-s previously. .‘Silver carbo- 
nate microglia method. 

Fig. S. Same case as Fig. 7. higher power. I'arther from the tract (T) there 
were seen transition stages lictweeii the branchini; form and this ameboid 
form of microglia. .Silver carbonate microglia method. 

(These photomicrographs are reproduced with the kind permission of Ur. 

Penfield.) 
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ABNORMALITY OF THE CEREBRUM AND LEPTOMENINGES 
SIMULATING AN INTRACRANIAL TUMOR * 


R. C. Buckley, M.D. and E. M. Deery, M.D. 

{From the Surgical Clinic of Dr. Harvey Cushing, Peter Bent Brigham Hospital, 

Boston, Mass.) 


Localized gross abnormalities in the development of the brain are 
rarely met with in a neurosurgical clinic and may well be mistaken 
for brain tumors. Recently, the only large verified abnormality of 
the cerebrum observed in this clinic was considered as a tumor from 
its appearance. Had this lesion been exposed at operation it would 
undoubtedly have been considered as a tumor. Further, it is pos- 
sible that if a piece of the tissue had been removed at operation the 
immediate diagnosis of an astrocytoma would have been made. 

There are many interesting findings brought out in the study of 
the lesion to be described, but the purpose of this report is to present 
it from the standpoint of its clinical and gross resemblance to a 
tumor and to mention certain histological findings in the unde- 
veloped meninges of interest in relation to the origin of the meninges. 

Report op Case 

P. B. B. H. Surg. No. 32960. Case of suspected brain tumor in an infant. 
Convulsions and asymmetrical enlargement of head developed soon after birth. 
Ventriculograms and examination pointed to cerebral tiunor. No operation. 
Death from bronchopneumonia. Autopsy. 

Clinical History: Arnold S., aged six months, was brought to the Children’s 
Hospital of Boston on December 19, 1928, for observation. A history taken there 
by Dr. L. K. Diamond brought out the following facts. The infant was a second 
child of healthy parents. Their first child is living and well. This baby was bom 
after a rather difiicxilt labor, but at birth showed no evidence of injury. It was 
noted that there were six toes on each foot. During the first few days of life the 
child appeared to act normally in every respect. At the end of the first week, 
however, it was apparent to all that its head was becoming abnormally large. 
At two weeks the first convulsive attack occurred. This consisted of flexion of aU 
four limbs, rolling up of the eyes and deep labored breathing. The attack lasted 
from three to four minutes. Similar attacks followed daily from then on. 

Physical examination showed an apathetic, poorly developed infant with a 
large occipital bulge to the head. The head measured 52.5 cm., the chest 42.5 
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cm., and the abdomen 40 cm. The height was 61 cm. The superficial vessels 
of the scalp were dilated, and the cranial sutures and fontanelles were open. 
Eyes showed internal strabismus, but no do\vnward displacement of the eye- 
balls. _ Liver edge, spleen and left kidney were palpable. There was a shght 
lordosis with marked scoliosis. Six toes were seen on each foot. Knee and ankle 
jerks were hyperactive. 

The cerebrospinal fluid was under increased pressure, sterile, contained no 
globulin and no abnormal cells. The blood and spinal Wassermann, general 
blood, stool and urine examinations were negative. The results of ventriculo- 
grams reported by Dr. E. C. Vogt were as follows: 

“The right ventricle appears dilated and definitely larger than the left with a 
constricted area posteriorly. Repeated studies showed the same marked asym- 
metry of lateral ventricles with what is evidently a soft tissue mass depressing 
the right ventricle posteriorly from without.” 

The infant was considered a brain tumor suspect and transferred to the sur- 
gical service of this hospital December 31, 1928. 

Examination here was essentially the same except that no epigastric or ab- 
dominal reflexes were obtained. It was felt that the deep reflexes of the legs 
were greater on the left. Beginning bronchopneumonia of both lower lobes was 
found. 

The first impression of the case was in accord with a possible right cerebral 
tumor. Further studies were withheld, and all efforts directed to the broncho- 
pneumonia, which, however, proved fatal in two days. Permission to examine 
the head only, was obtained. 

Necropsy: The head was asymmetrically enlarged by a distinct 
bulge of the entire right side. The cranial sutures were widely sepa- 
rated. The thin cranial cap was removed with difi&culty because of 
the adherent dura mater. When the dura was reflected there was 
apparent a large firm tumor-like mass in the right frontoparietal 
lobe (Fig. i) . In situ, this mass was of hard rubber consistency. The 
falx cerebri was pushed to the left. The brain weighed 980 gm. 

The blood vessels over the base of the brain and cerebral hemi- 
spheres, elsewhere than the tumor mass, appeared normal grossly. 
Over the tumor area there were seen several large confluent venous 
channels lying in incomplete sulci (Fig. i). There was also a de- 
crease in the number of small superficial vessels over the same area 
as compared with the corresponding area of the normal appearing 
left side (Fig. i). 

The tumor-like mass replaced the superior half of the entire fron- 
tal lobe and extended back to the right paracentral region of the 
parietal lobe. Anteriorly the mass was sharply marked ofi from what 
remained of the frontal lobe. Laterally and posteriorly the lesion was 
less sharply demarcated, and, indeed, it was hard to tell where it 
ended in the gradual transition to the normal sulci and gyri. An- 
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teriorly the mass was like one huge gyrus with only psuedo-sulci, 
shallow umbilicated areas and local thickenings of the leptomeninges 
to interrupt its smoothness. 

The leptomeninges over this area only were abnormal. They 
were firmly adherent to the cortex and were studded with multiple, 
irregular local translucent, gray- white thickenings of from i to ii 
mm . in any diameter (Fig. 2). These areas were not related to blood 
vessels although occasionally blood vessels appeared superficially im- 
bedded in them. They did not resemble cerebral herniae but sug- 
gested in the gross either local inflammatory reactions or masses of 
tumor cells in the subarachnoid spaces. 

The remainder of the brain and a small portion of the cervical cord 
appeared normal externally and in comparison with several other 
brains of infants of the same age. 

After fixation a series of coronal sections demonstrated the error 
in believing this lesion to be a tumor; for there was a gross abnor- 
mality corresponding with the lesion seen externally as well as an 
asymmetrical hydrocephalus involving the lateral and third ven- 
tricles. The many sections through the abnormal area showed it to 
be composed of a translucent white zone of i to 3 mm. in depth, be- 
neath which there was a thickened gray matter and a decreased 
amount of white matter (Fig. 3). About the dilated right lateral ven- 
tricle the white matter was never more than 4 mm. in thickness. 
Both the gray and white matter appeared much firmer than the cor- 
responding tissue in the left hemisphere. 

The asymmetrical hydrocephalus involved the lateral and third 
ventricles. The capacity of the right lateral ventricle was about 
twice that of the left lateral ventricle. The foramina of Monro were 
dilated, equal, and measured i cm. in diameter. The aqueduct of 
Sylvius, the fourth ventricle and the basal cysternae appeared of nor- 
mal capacity. The foramina of Magendie and Luschka were not 
demonstrated. The only abnormality of the ependyma consisted of 
a fenestrated dam-like thin membrane i cm. in height arising from 
the posterior portion of the floor of the anterior horn of the right 
lateral ventricle (Fig. 3). The choroid plexus, basal ganglia, cerebel- 
lum, pons, and optic chiasm appeared normal. 

Microscopic Examination: Blocks of tissue from corresponding 
areas on each side of the formalin-fixed brain were taken for study 
both by frozen and paraffin sections. Hematoyxhn and eosin, eosin- 
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methylene blue, phosphotungstic acid hematoxylin, Nissl’s stain, 
Pal-Weigert’s, and Loyez and Perdrau’s stains were made on the 
paraffin sections. Gold chloride sublimate, Penfield's combined 
method for oligodendroglia and microglia, Bielschowsky’s, and 
Scharlach R. stains were made on the frozen sections. 

Only in the abnormal portion of the right frontal and parietal lobes 
were changes of the leptomeninges found. The outstanding lesions 
were: (i) the presence of nests of astrocytes in the subarachnoid 
space connected with the brain through the defect in the pia mater; 
(2) the marginal gliosis; and (3) the lack of, or a partial myelinization 
of the nerve fibers in the white matter with a resulting extensive 
gliosis. No abnormal changes of the blood vessels were noted other 
than that they were increased in number in the white matter and 
scarce in the cortical gray matter. The neuronal elements in every 
part of the brain appeared unchanged. 

The nests of astrocytes made up what in the gross appeared as the 
translucent gray- white localized thickenings of the leptomeninges. 
In many sections a connection between the cortex and the islands of 
tissue in the subarachnoid space was seen (Fig. 6). This connection 
appeared as a narrow break in the pia mater. There was no stream- 
ing of astrocytes into this subarachnoid tissue as is seen in a small 
hernia or an adhesion formation following injury to the leptomen- 
inges. Again, there was no increased vascularity or growth of blood 
vessels toward or from the meninges such as is seen in a reaction to 
injury. There were many protoplasmic, lesser numbers of fibrous 
astrocytes, few neuroglia fibrils and nests of what appeared to be 
astroblasts. The latter had, in places, definite relations to blood 
vessels. In some areas they were closely approximated to the outer 
wall (Figs. 4 and 5). In other areas they occurred in long clumps ap- 
parently unconnected with blood vessels. There was very little con- 
nective tissue reaction in the leptomeninges, and this was always 
about the islands of astrocytes (Fig. 6). The significance of the 
astrocytes in this position is not known. They are localized in the 
only gross abnormal part of the brain where there are small defects 
of the pia mater. Nerve cells, nerve fibers and microglia or , oligo- 
dendroglia were not demonstrated in these areas in the leptomen- 
inges. 

The marginal gliosis was present only in the abnormal areas. It 
corresponded with the thin white cortical zone seen beneath the 
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leptomeninges in the gross. This gliosis was not seen at the site of 
the defect in the pia mater where the cortex and the subarachnoid 
nests are connected. 

In the white matter of the involved areas, the usual closely packed 
nerve fibers were partially replaced by a dense gliosis, unmyelinated 
fibers and occasional small areas of hemosiderin deposits. There was 
no subependymal reaction. 

The neuronal elements were normally arranged, and no abnor- 
malities of these cells were observed. 

Many unsuccessful attempts to stain microglia and oligodendro- 
glia in the abnormal areas were made but they were not demon- 
strated. They were successfully stained in other parts of the right 
hemisphere and left hemisphere. The significance of the lack of 
demonstration of these elements cannot be discussed as they may 
well be present and not brought out due to personal errors in tech- 
nique. 

In no section of the brain was there found an abnormality of the 
blood vessels, cell reaction about the blood vessels or in the cerebral 
tissue other than the gliosis mentioned above. No large or atypical 
ganglion cells were seen. 


Comment 

This case is an example of a cerebral tumor suspect in an infant 
with a history of convulsions and the development of an as)Tnmetri- 
cally enlarged head. The ventriculograms were interpreted as show- 
ing a tumor compressing the posterior horn of the right lateral 
ventricle. The patient was then transferred to this clinic for the 
purpose of making an exploratory craniotomy. However, an inter- 
vening respiratory infection proved too much, and death occurred 
shortly after admission. 

At necropsy and before the brain was sectioned, the lesion was 
taken to be a tumor of some unusual sort. The error was obvious 
after sectioning the brain. 

The reason for the lack of development of the right frontoparietal 
area was not found. As far as could be determined there was no ab- 
normality of the larger cerebral arteries. In the absence of any evi- 
dent block in the ventricular system the as3rmmetrical hydroceph- 
alus could not be explained. The aqueduct of Sylvius was patent, 
and the fourth ventricle was of normal size. 
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Without the complete autopsy a classification other than a lo- 
calized abnormality of development will not be attempted. At this 
point attention may be drawn to the associated polydactylism. The 
defects of myelinization and the marginal gliosis only in the abnor- 
mal area are similar to the lesions seen in some forms of cerebral 
sclerosis. There are no subependymal areas of gliosis forming pro- 
jections such as are so frequently described among the lesions found 
in cases of tuberous sclerosis. 

In addition to the similarity of the lesion to a tumor the multiple, 
local areas of incomplete development of the leptomeninges and the 
presence of nests of astroblasts and astrocytes in the subarachnoid 
spaces of these areas are of considerable interest. These nests of 
cells of the astrocyte type are unusual findings. The cells are stained 
specifically by gold chloride sublimate and show up well with the 
phosphotungstic acid hematoxylin preparations. Glia fibers are 
present in small amounts, and only very few fibrous astrocytes are 
seen. Microglia and oligodendroglia could not be demonstrated in 
the nests, and no nerve cells or nerve fibers were seen. The lesion 
was not suggestive of any stage of an inflammatory process. The 
nests of cells resembled somewhat those found by Wolbach ^ as mul- 
tiple, scattered nests of astrocytes in the subarachnoid spaces of 
spinal cord. Wolbach made multiple serial sections and proved that 
there was no connection between these nests and the spinal cord. 
The nests of cells described here differ from those he described in 
that they are connected with the cortex and that by specific stains 
astroblasts and astrocytes are demonstrated. The presence of astro- 
blasts suggests the formation of the astrocytes in the leptomeninges 
of this region. However, were there no connections of these nests of 
astrocytes to the cortex the suggestion that the astrocytes present 
in the leptomeninges were formed from ectodermal elements derived 
from the neural crest might be offered, not only to interpret their 
presence but also to support the view of Harvey and Burr ^ as to the 
origin of the leptomeninges. 

Conclusions 

A localized abnormality of the right cerebral hemisphere was 
found after death in the brain of an infant suspected during e o 
having a brain tumor. The lesion, when disclosed, was thought to 
be an unusual tumor until the brain came to be sectione 



ABNORMALITY OF CEREBRUM: AND LEPTOMENINGES 465 


Had this lesion been exposed at operation it might easily have been 
mistaken for an enucleable tumor, and had a fragment of one of the 
locaUzed thickenings of the meninges been taken for immediate 
diagnosis the tissue might well enough have been reported as a 
glioma. 
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DESCRIPTION OF PLATES 


Plate 93 

Fig. I. A viev? of the superior surface to show the abnormality of the right 
frontoparietal lobes. The macrogyri and large dilated blood vessels at the 
posterior portion of the abnormality are well brought out. 

Fig. 2. A portion of the leptomeninges has been removed from the frontal poles 
to show better the contrast between the normal left side and the abnormal 
right side. Irregular areas of thickening of the leptomeninges are evident 
over the abnormal portion which appears to be enucleable. 
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Plate 93 









Plate 94 


Fig. 3. This section is taken from in front to show the dilated right ventricle 
with the dam-like structure within. The right hemispheres show well the 
abnormality of g}Ti and the gra3'-white marginal zone of gliosis. The ap- 
parent anomalj’’ in the wall of the left ventricle was produced postmor- 
tem inflation of the ventricles with air. 

Fig. 4. A frozen section, stained with gold chloride sublimate, through a local 
thickening of the leptomeninges. The clusters of astrocj^tes stream along 
parallel with the cortex. There is no evidence of a pia mater, x 175. 
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Fig. 5. Scclion through tlic Lhickcncfl leptomcuiiigcs and corle.v to show the 
connection iictwccn tiic two. {a) There, are multipie nests of astrocytes 
(6) even near the under surface of the pia arachnoid. Many of the cells in 
these nests resemble astroldasts and arc closely approximated to blood ves- 
sels (c). Gold chloride sublimate, x 175. 

Fig. 6. Section through the leptomeninges and cortex stained hy Perdrau’s 
method to show the defects in the pia mater and the connections between 
the cortex and the glial tissue in the leptomeninges. The nuclei of the 
astrocytes arc shown by this stain. There is no connective tissue shown in 
the areas of astrocytes in the leptomeninges. x no. 
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TISSUE CULTURE STUDIES OF THE GLIOBLASTOMA 
MULTIFORME * 

R. C. Buckley, M.D. 

{From the Surgical Clinic of Dr. Earoey Cushing, Peter Bent Brigham Hospital, 

Boston, Mass.) 

As a part of the examination of each intracranial tumor verified 
at operation in this clinic, tissue culture preparations are made by 
the hanging drop method ^ in order, if possible, to further our know- 
ledge of the histiogenesis of the tumors. 

Growths have been observed in the cultures of certain of the 
gliomas, acoustic nerve tumors, metastatic epithelial tumors, adeno- 
mas of the hypophysis and ependymal tumors. However, the best 
results and the most consistent in type of growth are obtained from 
the operative specimens of the glioblastoma multiforme, f a rapidly 
growing invasive glioma of the cerebral hemispheres. This tumor is 
the most common type among the 496 verified and classified gliomas 
studied in this clinic. Up to February i, 1929, there were 160 veri- 
fied examples of this type of glioma. From ten to fifteen of these 
tumors are available in this clinic for study each year. 

The purpose of this report is to present the results of the cultures 
made from the tissue of tumors diagnosed as glioblastoma multi- 
forme, ten of which have been studied by the tissue culture method. 

Of these ten separate tumors, five showed excellent growth in 
vitro, but no comparable growths were obtained from the remaining 
five although the same technique was used. Although many diffi- 
culties are met with in tissue culture preparations, it did seem that 
the lack of growth could be explained in some other manner. When 
the cKnical histories and operative findings of the ten cases were 
studied, they were found to be similar to those of previously verified 
cases of the same type of glioma. But when histological studies of 
the paraffin sections were made there was found a considerable varia- 
tion in ceU type and arrangement. The histological sections of the 
five cases showing excellent growth in culture showed quite similar 

* Received for publication June 7, 1929. 

t These tumors were formerly termed spongioblastoma multiforme, but in accor- 
dance with the suggestion of Bailey and Cushing “ the designation glioblastoma is now 
employed as more properly descriptive. 
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cell types and architecture. They were invasive, rapidly growing, 
with many areas of necrosis. The majority of the cells were those 
with a single large nucleus, a pyriform or fusiform-shaped body and 
either one or two processes. They resembled spongioblasts. Large 
multinucleated cells were frequently seen, but astrocytes were less 
common. Mitotic figures were abundant. The diagnosis accepted 
in each case was a glioma of the glioblastoma multiforme type. The 
histology of the remaining five tumors from which poor or no growths 
were obtained, varied. They were interpreted as rapidly growing 
gliomas with cells differentiating into astrocytes; probably of the 
glioblastoma multiforme type. That certain of these diagnoses were 
later changed is shown by the fact that one year postoperative the 
necropsy specimen of one tumor was considered as a typical astro- 
blastoma. The predominating cell in these sections was of the proto- 
plasmic astrocyte type with occasional giant cells and pyriform or 
fusiform cells with one or several processes. 

Before considering the characteristics of the successful cultures 
the following history is presented. It will serve as an example of the 
known life history of any of the tumors that grew in culture as well 
as an illustration of the methods of examination of brain tumor tissue 
removed at operation. 

Surg. No. 29667. Philip T., aged 42 years, dated the onset of his present 
illness to July 16, 1927, when a sudden twitching of his facial muscles occurred. 
One month later a left brachial monoplegia and signs of increased intracranial 
pressure developed. Two months from the onset of his illness he was admitted 
to this clinic, and a diagnosis of a rapidly growing glioma of the right parietal 
region was made — “most probably a glioblastoma multiforme.” At operation, 
what was regarded by Dr. Harvey Cushing as grossly a typical spongioblastoma 
multiforme was partially removed by suction. During the operation a part of 
the tissue was sent to the laboratory for purposes of supravital preparations and 
tissue culture. A study of the immediate supravital preparations, made by Dr. 

L. S. Kubie, supported the gross diagnosis. The tissue was very cellular with 
the majority of the cells being interpreted as spongioblasts. The multinucleated 
cells and fibrils were less plentiful. Growths in many separate preparations of 
the same tissue studied by the supravital technique were observed over a period 
of ten days, subcultures being made. Morphologically, the growing cells re- 
sembled those seen in the supravital smears. 

Within a week paraffin sections stained by the eosin-methylene blue and 
Mallory’s phosphotungstic acid methods were available. The structure of the 
tumor was that of a rapidly growing glioma with many areas of necrosis and a 
varied type of cells with many mitoses, typical of the glioblastoma multiforme. 

From any of the above studies a poor prognosis was offered. Extensive X-ray 
therapy was given. However, a recurrence of his symptoms was reported; and 
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within fourteen months from the onset of his symptoms death occurred at his 
home. A necropsy was not performed. 

The tissue culture preparations from each of the five separate 
tumors diagnosed spongioblastoma multiforme were made within 
thirty minutes of the time of removal at the operation. The best 
preserved and most cellular appearing tissue was used. Observa- 
tions of the cultures were made in a warm box adjacent to the in- 
cubator. Attempts at photomicrography of the living cells were in 
general unsuccessful and resulted in the loss of some preparations. 
So the preparations were fixed at intervals in 5 per cent formalde- 
hyde, formalin ammonium bromide, and Zenker’s solution. Photo- 
micrographs were then made of the fixed, unstained and stained 
preparations. The fixed sections were stained with methylene blue, 
hematoxylin and eosin, gold chloride sublimate, and silver carbonate. 

Remarkable similarities in the arrangement and type of the cells 
and the methods of cell division were seen in each of the growing 
preparations. These features will be taken up separately. 

The pattern of growth is shown well in Figs, i and 2, where the 
suggestion of a rapidly growing, invasive type of tumor is evident. 
Such a cell growth has not been seen in the other cerebral tumor tis- 
sue cultures. Although in many preparations, individual cells were 
seen jutting out from the periphery of the explant within several 
hours of culturing, the growth in each culture was usually apparent 
from twelve to eighteen hours after planting. It is possible that some 
of these cells were mechanically displaced in culturing and then ex- 
tended out. In addition to these definite cell bodies (Figs, i, 2, 4, 6) 
extending out from the periphery, there were frequently seen small, 
rounded, finely granular anuclear bodies, varying in size, surrounded 
by a shining membrane, the whole being attached to the edge of the 
explant or to the end of a process coming out from the explant (Figs. 
^> 3 ) i)- They were also found attached to cells and their processes 
out in the field of growing cells. Their significance is not known. 
They were not seen in the cellular portions of the parafi&n sections of 
the same tumors. Actual cell formation from these bodies was not 
seen and they did not appear to be dying or dead cells. 

Soon extension of the cells into the media was seen. The method 
of outgrowth, the connection of the cells and the type of cells were 
similar in the different cultures (Figs. 2, 3, 4). In some fields (Figs, i, 
4> 6) cells with fusiform bodies, a single nucleus and two long, taper- 
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ing processes predominated. The nuclei of these cells varied in 
position. At the edge of the explant where the cell body was push- 
ing into the media and there was no process, the nucleus was seen at 
the advancing, blunted pole of the cell body. Among the growing 
cells the nuclei of the same cells were situated in the center or at one 
pole. The granules closely packed the cell bodies and extended out 
into the processes for varying lengths. Often there were local swell- 
ings in the processes caused by the accumulation of granules. 

Connected by long, thin or thick processes with the above de- 
scribed cells there were many irregular, gigantic, multinucleated cells 
(Figs. 2, 4, 5). As many as seven nuclei have been counted in these 
large cell bodies. The method of formation of these large cells was 
not determined. A fusion of small cells to form a giant cell was not 
seen. 

Occasionally cells different from the above grew out from the ex- 
plant. These cells are the only type resembling astrocytes with the 
specific stains seen in any of the tissue cultures (Fig. 4). They have 
irregular bodies and a large, oval, vesicular, eccentrically placed 
nucleus. A nucleolus was not observed in these cells. They are made 
star-shaped by from 4 to 7 processes which extend out in any direc- 
tion to be attached to a process of another cell of any of the above 
types. Fibrillae could not be demonstrated in their cell bodies or 
processes. 

These various cell types are seen in the cultures fixed at from 24 to 
144 hours after culture. In the few successful subcultures the pat- 
tern of growth and cell types resembled, in the living and fixed prep- 
arations, the original cultures. Just how long cultures of these 
tumors could be kept alive by this technique is not known. In the 
series the longest preparation was kept ten days. When it had ex- 
tended to the vaseline ring on the cover slip it was fixed and stained. 

Cell division by mitoses was conunonly seen in the cultures and 
growths. Regular mitotic figures in the fusiform type of cells with a 
single nucleus were observed at the edge of the explant and out 
among the growing cells. In Fig. 3 the end result of mitosis is seen as 
the two separate cell bodies are dividing. Irregular mitoses were 
seen in the star-shaped and multinucleated cells (Figs. 4, 5), Where- 
ever mitotic figures were present the ceU processes were much 
thicker than in the apparently non-dividing cells. No other form of 
cell division was seen. 
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A fairly close resemblance in cell t)rpes was noted in comparing the 
living and fixed stained tissue cultures with the supravital prepara- 
tions and the stained paraffin sections. The various cultured cells, 
as illustrated, were well impregnated by the gold chloride sublimate 
and the silver carbonate stains. The cells were less intensely stained 
by methylene blue and hematoxylin and eosin. Attempts at other 
and more complicated stains were unsuccessful. 

From these observations, the most common type of cell growing 
in the cultures of the tumors diagnosed as glioblastoma multiforme 
is that with a fusiform or pyriform cell body, an oval nucleus, an 
occasional nucleolus, with a process extending out from one or both 
ends of the cell body. The granular cytoplasm of the cell body is 
continuous with the processes. These cells resemble very closely 
unipolar and bipolar cells, forming the most common cell in a suc- 
cessful culture of a medulloblastoma in which the cells appear to be 
differentiating into spongioblasts. The less commonly found cells 
were the multinucleated ones and those resembling astrocytes. The 
mitoses were of regular formation in the small and common type of 
cells. 


Summary 

Tissue culture preparations of ten intracranial gliomas removed 
at operation were made. The clinical histories and the gross struc- 
tures of these tumors as seen at operation resembled previously veri- 
fied examples of glioblastoma multiforme. 

The cultures of five of these tumors showed excellent and uni- 
formly similar growths. The cultures of the other five tumors pre- 
sented none or very little growth. 

The histological structure seen in the paraffin sections of the 
tumor tissue from which a growth was obtained was interpreted as 
similar to that of the glioblastoma multiforme. A different structure 
in the other five tumors made the diagnosis difficult. They were 
interpreted as a rapidly growing glioma with cells differentiating 
into astrocytes. 

There was noted a striking similarity in the resemblance of the 
growing cells to those seen in fresh smears and stained paraffin sec- 
tions of the same tumor tissue. 
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DESCRIPTION OF PLATES 
Plate 96 

Fig. I. S 29667. Cell growth of a culture of glioblastoma multiforme fixed at 
ninety-six hours, the ceUs extending out to the edge of cover slip. Gold 
chloride sublimate, x 80. 

Fig. 2. S 29667. Edge of explant of culture of glioblastoma multiforme at end 
of forty-eight hours, demonstrating variety of cells, (o) Multinucleated 
cell, (6) fusiform cell with mitosis and thickened process, (c) cell “buds.” 
Unfeed, unstained, x 300. 



American Journal of Pathology. Vol. V 


Plate 96 



Buckley 


2 


Glioblastoma IMultiforme 



Plate 97 


Fig. 3. S 29667. Outer field of growing cells of culture of glioblastoma multi- 
forme showing at (a) apparent division at end of mitosis of spindle-shaped 
cell, at (b) multinucleatcd cell and cell “buds” at (c). Unfixed, unstained. 
X 300- 

Fig. 4. S 30556. Edge of explant of culture of glioblastoma multiforme showing 
multinucleated cells, mitotic figures, cell buds and cells resembling astro- 
C3''tes. Gold chloride sublimate, x 225. 
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Fig. 5. 830556. Mitolic figures in large cells of a culture of glioblastoma multi- 
forme. Gold chloride sublimate, x 850. 

Fig. 6. S 30556. Cell of spongioblast type at edge of explant of culture of glio- 
blastoma multiforme. Gold chloride sublimate, x 850. 

Fig. 7. S 29667. Large cell bud and irregular mitotic figures in lower cell of 
a culture of glioblastoma multiforme. Gold chloride sublimate, x 850. 





THE PRODUCTION OF ALLERGIC INFLAMMATION IN 
THE KIDNEYS* 


Opal E. Hepler and J. P. Simonds 

{From the Department of Pathology, Northwestern University Medical School, Chicago, III.) 

Introduction 

Since Artlius ^ first described the phenomenon in 1903, much work 
has been done upon the local reaction which occurs in the subcutane- 
ous tissues after repeated injections of a foreign protein. Little no- 
tice, however, has been given to the occurrence of a similar phenome- 
non in internal organs. Friedberger ^ produced a cellular pneumonia 
in sensitized guinea pigs by spra3dng horse serum into the trachea. 
Ishioka® has reported and confirmed these experiments. Schlecht 
and Schwenker,^ after careful histological study of the lungs in this 
condition, described the proliferation of the cells lining the alveolar 
walls, and the exudation of eosinophilic leucocytes into the alveoli 
with the formation of fibrin which gives rise to a type of broncho- 
pneumonia. Opie ® observed a localized consolidation surrounding a 
central focus of necrosis with leucocytic infiltration and edema after 
injecting 0.2 cc. of horse serum through the thoracic wall into the 
lung of a sensitized rabbit. Shapiro and Ivy ® produced ulcers of 
the stomach by injecting foreign protein into the gastric mucosa of 
sensitized rabbits and dogs. Long and Seyfarth ^ found only a mod- 
erate and transient interstitial infiltration of wandering cells after 
the introduction of egg albumin and gliadin into the testicle of guinea 
pigs sensitized to these proteins. The mild mononuclear infiltration 
which resulted did not definitely exceed the similar response to intra- 
testicular injection of these same proteins into normal guinea pigs. 
As far as we know there has been no work done on anaphylactic in- 
flammation in the kidneys of sensitized animals. Long and Finner ® 
attribute a coagulation necrosis of the glomeruli and tubules found in 
one kidney of a tuberculous pig four days after perfusion with tuber- 
culin protein to anaphylactic inflammation. Longcope ^ and Bough- 
ton have reported an experimental nephritis in sensitized animals 
by repeated proteid intoxication. This, however, was produced by 
anaphylactic shock and not as a local reaction of the renal tissue. 

* Received for publication May 20, 1929. 
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Arthus ^ injected rabbits subcutaneously with a foreign protein, 
every six days and found that local toxicity of the protein steadily 
increased. The material of the first three injections was absorbed 
within a few hours; the fourth produced a soft infiltration of the skin 
which remained two to three days; the fifth a hard infiltration which 
remained five or six days; the sixth an extensive damage to the sub- 
cutaneous tissue which was transformed into a compact, white asep- 
tic mass which remained unchanged for weeks; the seventh a super- 
ficial necrosis which terminated in a cutaneous ulcer that healed only 
after several weeks. The onset of this phenomenon is not dependent 
upon the number of injections entirely, as there are individual varia- 
tions and a greater number of injections may be necessary. The 
reaction is not the result of the amount of protein injected, as 
only 0.5 cc. of the solution gave a strong reaction, but only in 
specifically sensitized animals. The preliminary sensitization could 
be made by any parenteral route. The severity of the local reaction 
differs with the location of the tissue injected. The reaction occurs 
most markedly in the subcutaneous tissues of the chest and ab- 
dominal wall, while only an edema occurs on the ear. 

Arthus and Breton studied this subcutaneous reaction micro- 
scopically : Twenty-four hours after injection of the homologous pro- 
tein into a sensitized rabbit there was edema with many leucocytes, 
and the connective tissue fibers were doubled in volume. After forty- 
eight hours this condition was more extensive with hemorrhage in 
the deeper layers of the skin down to the muscle; this remained sta- 
tionary for about two days, then the skin sloughed off and there re- 
sulted an ulcer, the floor of which was covered with a soft, cheesy, 
sterile mass composed of disintegrated leucocytes. Gerlach^^ de- 
scribed an earher stage : Within the first hour there develops a rapidly 
spreading edema; after an hour there is a marked swelling of the con- 
nective tissue fibers with compression of the capillaries causing an 
anemic necrosis in the central portion; surrounding this area there is 
edema with precipitation of fibrin, hyperemia, and later stasis in the 
vessels which became plugged with white blood corpuscles; there is 
also a massive emigration of leucocytes. Anaphylactic inflammation 
is characterized by its rapid course and the intensity of the reaction. 
Rossle^^ speaks of this augmented reaction in the tissues as “the 
highest inflammation-capacity of the organism.” 

Opie thinks the above necrosis and inflammation due to the oc- 
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elusion of the capillaries and small vessels by hyaline thrombi, 
formed by the reaction of the antigen with its antibody, the leuco- 
cyte infiltration being caused by the positive chemotaxis of the pre- 
cipitate formed. Metalnikow showed that in sensitized animals the 
antigen possessed positive chemotactic activity. Coca has sug- 
gested that the necrosis might be caused by muscular contraction of 
the arteries. Klinge demonstrated that it was not due to a sensi- 
tized nervous system. 

Rbssle,^^ by using an antigen that could be recognized in micro- 
scopic sections, viz., chicken blood, found that it was absorbed much 
more slowly and with greater difiiculty in sensitized than in normal 
rabbits. The more frequent the injections, the more difl[icult the re- 
sorption; the injected cells at the site of the injection disintegrated 
locally. In normal animals ordinary leucocytes predominated in the 
resorptive inflammation, while in anaphylactic inflammation the 
eosinophiles early predominated. 

Auer found that it was not necessary to inject the specific pro- 
tein locally to produce inflammation. Xylol applied to the ears of a 
sensitized rabbit which was reinjected intraperitoneally with the an- 
tigen, produced a local gangrene by concentrating the antigen in the 
ears. “A subminimal concentration of antigen for non-inflamed sen- 
sitized cells may thus become effective when inflamed sensitized cells 
are concerned.” He suggested that this may theoretically occur in 
any tissue of a sensitized animal which can show an anaphylactic re- 
action and that these conditions might explain a number of func- 
tional abnormalities in the human subject. Tannenberg,^® however, 
using Auer’s method, obtained a marked diminution of the inflam- 
matory changes after applying cantharadin to the backs of sensitized 
rabbits. 

NicoUe demonstrated in 1907 that this local inflammation was 
of an anaphylactic nature in that it occurred in animals that were 
passively sensitized. It is, therefore, dependent upon specific sub- 
stances transmissible in the serum. 

Opie has done extensive work on anaphylactic inflammation in 
the light of modern conceptions of anaphylaxis. He contributed the 
following; (i) the reaction depends on the simultaneous presence of 
antigen and antibody in the tissues; (2) the severity of the reaction 
varies with, but does not exactly parallel, the precipitin titer of the 
serum; (3) the reaction varies in different species; (4) the local reac- 
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tion protects the animal from a general reaction by limiting the an- 
tigen to the site of injection; (5) a total desensitization of the tissues 
and disappearance of the precipitin follows the response to a pure an- 
tigen such as crystalline egg albumin, but not to a complex one as 
egg-white or horse serum. 

Grineff described a therapy for anaphylactic inflammation. He 
found that intravenous injections of small quantities of a foreign pro- 
tein prevented the subcutaneous reaction to the local injection on 
the following day. 

Wells 2 '’ and Opie have suggested, as has Auer, that anaphylac- 
tic inflammation might be produced in other tissues than the skin 
under similar conditions. 


Method 

The proteins used in these experiments were commercial horse 
serum (Parke, Davis and Co.) and a 2 per cent solution of crystal- 
line egg albumin (Merck) made fresh each time in Ringer’s solution. 
Rabbits were used for all the experiments and were sensitized by the 
original method of Arthus. The subcutaneous injections of i cc. of 
horse serum or 2 cc, of egg albumin were made into the abdominal 
wall. The injections were every five or six days, alternating the side 
each time. They were continued until extensive necrosis of the skin 
was obtained which assumed a purplish black color. The next injec- 
tion, five days later, was made directly into the left kidney. To do 
this an assistant holds the rabbit in a flexed pdsition; the kidney is 
grasped through the abdominal wall and is brought up and held 
firmly immediately under the skin. With a small hypodermic needle 
and under aseptic conditions, 0.5 cc. of the protein is injected 
directly into the kidney. The feel of the needle as it passes through 
the renal capsule indicates that the injection is being made into the 
substance of the kidney. The kidneys were injected from one to eight 
times at five or six day intervals. The rabbits receiving from one to 
four injections in the kidney were killed twenty-four and forty-eight 
hours after the last injection. Four groups of rabbits received five 
six, seven, and eight injections respectively, in the kidney, and ani- 
mals from each group were killed at intervals of forty-eight and 
seventy-two hours, one, two, and three weeks and one month. The 
right kidney of each rabbit was used as a control, except in eight 
cases. In these rabbits the left kidney was injected three times and at 
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the same time as the last injection, the right kidney was injected and 
the animals killed in twenty-four and forty-eight hours. At autopsy, 
samples of urine were obtained from the bladder with which albumin 
tests and microscopic examinations were made. 

At the time of the first injection in the kidney, blood was taken 
from the ear for precipitin tests. The serum was run to progressive 
dilutions of antigen by the ring method, the tubes standing in a water 
bath at 37° C for one-half hour. 

Control rabbits received one to eight intrarenal injections and 
were killed twenty-four and forty-eight hours after the' last injec- 
tion in the left kidney. Seven were injected with 0.5 cc. of a 
sterile 2 per cent solution of Silver Label gelatin in Ringer’s solu- 
tion. Eight were injected with egg albumin without being previ- 
ously sensitized. One was injected with India ink in both kidneys 
and killed after the right had been injected thirty minutes and the 
left one hour. 

Results 

The average number of injections of horse serum required to pro- 
duce necrosis of the skin was seven; of egg albumin, six. Eight rabbits 
having from thirteen to twenty-one subcutaneous injections showed 
a very slight reaction. This confirms Arthus’ work that all animals do 
not react to the same degree. Four rabbits that had been sensitized 
to horse serum one year before showed a marked skin necrosis after 
the second injection. The horse serum and the egg albumin produced 
the same type of reactions in the kidneys. 

The results of the precipitin titrations agreed with those of Opie’s 
mentioned above, namely, that the severity of the reaction varies 
with, but does not exactly parallel, the precipitin titer of the serum. 

Of fifty-four sensitized rabbits, thirty-two were killed within sev- 
enty-two hours after the last injection in the left kidney, and twenty- 
two after seventy-two hours. Twenty of the thirty-two rabbits killed 
within seventy-two hours showed hemorrhage associated with ne- 
crosis at the site of injection in the left kidney, seven in the right kid- 
ney. One killed in four days showed a small hemorrhage. The fact 
that the red cells were aU well preserved was evidence that the hem- 
orrhage was due to the last injection. Six not included in the twenty 
showed hemorrhage beneath the renal capsule only. One of the right 
kidneys injected had a hemorrhage beneath the capsule only. Six 
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showed no evidence microscopically of having been injected in the 
kidney. 


Table T 


Hemorrhage and Necrosis in Sensitized Rabbits 


Number of rabbits 

Lett kidney 

Itigbt kidney 

Autopsy within 
73 hrs. 

Autopsy after 
72 hrs. 

Autopsy within 
48 hrs. 

Sensitized 

32 

22 

8 

Showing hemorrhage and necrosis 

20 

I 

7 

In pyramid and medulla 

14 

I 

2 

In cortex 

6 

0 

s 

With hemorrhage underneath capsule 

6 

0 

I 

Not showng hemorrhage 

6 

21 

0 

With recent scar tissue 

8 

22 

0 


No recent hemorrhage was observed in the rabbits killed one or 
more weeks after the last injection. The injected kidneys of all of 
these had some recent scar tissue, or hemosiderin was present in ne- 
crotic areas undergoing organization. Eight that were killed within 
seventy-two hours and showed recent scar tissue had had at least 
three injections in the kidney, the scar tissue resulting from an earlier 
injection. 

When the hemorrhage occurred in the medulla or pyramid, the 
amount of necrosis exceeded that of hemorrhage. The areas of hem- 
orrhage and necrosis in this part of the kidney had a very definite 
outline. That the necrosis was due chiefly to the reaction of the sen- 
sitized tissues to the antigen is shown by the absence of necrosis 
around the hemorrhages in the control rabbits. The definite outline 
of the necrosis may have been related to the less highly specialized 
tissue of the medulla and pyramid; or possibly, to peculiarities of the 
histologic architecture of this portion of the kidney. 

The hemorrhage and necrosis was greatest when the protein was 
injected into the cortex and the animal killed in twenty-four hours. 
This necrosis did not surround the hemorrhage evenly but spread out 
irregularly from all sides, but most markedly toward the capsule. 
That the material injected did not diffuse out in the surrounding tis- 
sue to any great extent was demonstrated in the kidneys injected 
with India ink. The kidneys with areas of necrosis had had from one 
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to three injections, except one kidney which had received seven in- 
jections, Those that showed a large amount of necrosis without 
hemorrhage in the cortex had had five injections, the necrosis being 
the result of a previous injection, as there was a definite increase in 
the connective tissue. 

In the necrotic areas of the cortex, the epithelium of all types of 
tubules was swollen and showed necrosis. Few of the glomeruli were 
necrotic, most of those in and adjacent to the area of necrosis were 
distended with blood. The connective tissue was affected least, some- 
times only showing edema in an area of necrosis, and soon started to 
proliferate. There was a variable infiltration of leucocytes in and 
around the area of necrosis; only a few were eosinophiles. Hyaline 
and blood casts were found in most of the collecting tubules near this 
area. In all the kidneys except two, the necrosis was of the coagula- 
tion type. In these two there was liquefaction necrosis due to an ex- 
tensive infiltration of pol3miorphonuclear leucocytes. 

The following protocols illustrate the results : 

Rabbit No. 2 

Feh. I to Apr. ig: Received twenty-one subcutaneous injections of horse 
serum in the abdominal wall, had a two plus skin reaction,* and a precipitin 
titer of 40,000. 

Apr. 23: Injected 0.5 cc. of horse serum into the left kidney. 

Apr. 27: Injected 0.5 cc. of horse serum into the left kidney. 

Apr. 28: Autopsy. 

Urine: None obtained. 

Description of Left Kidney; Gross: Two needle punctures were 
found, one containing a blood clot which on the cut surface extended 
into the substance of the kidney for about 7 mm. 

Microscopic: A large hemorrhage extends from the cortex to the 
pyramid. In an area at one side of the hemorrhage extending from 
the medulla up to the cortex, there is marked necrosis of the tubules 
and a slight edema. A few of the glomeruli nearest the hemorrhage 
are necrotic, and a few are distended with blood. There is only a 
shght infiltration of leucocytes in the necrotic area, but a larger 
number surround the hemorrhage. There are a great many hyaline 
casts in the collecting tubules in and near the area of necrosis, 

* One plus represents a slight edema for twenty-four hours; two plus, greater edema 
asting for five days, then disappearing; three plus, hard fibrotic induration lasting a 
much longer time; four plus, necrosis with ulceration. 
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Descfiption of Right Ridnoyi Grossly and microscopically nor- 
mal. 

Rabbit No. loi 

Dec. 17 to J an. 13: Received five subcutaneous injections of egg albumin in the 
abdominal wall, had a four plus skin reaction, and a precipitin titer of 5000. 

Jan. jy: Injected 0.5 cc. of egg albumin into the left kidney. 

Jan. 21: Injected 0.5 cc. of egg albumin into the left kidney. 

Jan. 25: Injected 0.5 cc. of egg albumin into the left kidney and 0.5 cc.into 
the right kidney. 

Jan. 26: Autopsy. 

Urine: albumin, positive; microscopic, few hyaline and many granular casts, 
few white blood cells. 

Description of Left Kidney; Gross: The upper pole had a small 
hemorrhage underneath the capsule and a pale area on the surface 
of the kidney at the site of an injection. The lower pole was larger 
than normal and hard. A large pale area covered the central and 
lower parts of the kidney. The cut surface appeared normal. 

Microscopic: There is a slight hemorrhage along the needle punc- 
ture which terminates in a larger one in the medulla and pyramid. 
In the lower portion of the cortex at the beginning of the large hem- 
orrhage there is necrosis of the tubules and a marked infiltration of 
leucocytes. There is also a marked infiltration of leucocytes at the 
lower edge of the hemorrhage. An occasional hyaline and blood cast 
was seen in the collecting tubules near the necrosis and many below 
the hemorrhage. 

Description of Right Kidney; Gross: A small white area was found 
on the surface at the site of the injection; the whole kidney was 
paler than normal. The cut surface looked normal. 

Microscopic: Above and to one side of a small hemorrhage in the 
lower part of the cortex, the tubules are necrotic and aU the glomeruli 
in this area are affected. There is a slight edema and leucocytic infil- 
tration above the hemorrhage with a greater infiltration of leucocytes 
in the more marked area of necrosis near the surface of the kidney. 

Rabbit No. 106 

Dec. 17 to Jan. 13: Received five subcutaneous injections of albumin in the 
abdominal wall, had a four plus skin reaction, and a precipitin titer of 5,000. 

Jan. 17: Injected 0.5 cc. of egg albumin into the left kidney. 

Jati. 21: Injected 0.5 cc. of egg albiunin into the left kidney. 

Jan. 25: Injected 0.5 cc. of egg albiunin into the left kidney, and 0.5 cc. into 
the right kidney. 

Jan. 26: Autops3^ 

Urine: albumin, strong positive; microscopic, few granular casts and many 
white blood cells. 
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Description of Left Kidney; Gross: Three needle punctures could 
be seen; the capsule was adherent over each one. The lower pole was 
hard, but not as hard as in Rabbit No. loi. The cut surface showed 
a hemorrhage along one needle puncture. 

Microscopic: There is a slight hemorrhage near the surface of the 
kidney with necrosis of all the tubules surrounding this area and a 
moderate infiltration of leucocytes and fluid between them. The 
glomeruli around this area are distended with blood, two have been 
replaced by a mass of leucocytes. 

Description of Right Kidney; Gross: The cut surface showed a 
hemorrhage in the pyramid. Otherwise the kidney was normal in 
appearance. 

Microscopic: A long narrow hemorrhage (along the needle punc- 
ture) appears in the medulla. There is a very slight necrosis of the 
tubules surrounding the hemorrhage with a moderate infiltration of 
leucocytes. 

Discussion 

The inflammatory reaction in the sensitized animals was marked, 
whereas in the control rabbits there was only hemorrhage due to me- 
chanical injury. The anaphylactic inflammation produced in the kid- 
neys of these animals differed from other forms of inflammation, 
(i) In the rate of progress. In twenty-four hours a far advanced acute 
inflammatory reaction was present. Examinations at earlier stages 
have not been made. (2) In the relatively slight edema in the inflam- 
matory areas in these kidneys as compared with similar areas in the 
subcutaneous tissues. This was probably due to the small amount of 
connective tissue in the kidney and to the effect of the dense capsule 
upon the increase of intrarenal pressure by relatively small exudates. 
The exudate appeared to consist chiefly of leucocytes with relatively 
little fluid. (3) In the extent of the necrosis which is primarily of the 
coagulation type. Liquefaction occurred, as in other forms of in- 
flammation, only after infiltration of the area with polymorphonu- 
clear leucocytes. 

The cause of the necrosis is not entirely clear. Three possibilities 
suggest themselves, (i) Infarction due to thrombosis. Although 
thrombi were occasionally found, they did not appear to be numer- 
ous enough to account for the necrosis. (2) Gerlach believed that in 
areas of anaphylactic infla mm ation of the skin edematous swelling 
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of the connective tissue reached such a degree that compression of 
the capillaries and venules caused a prolonged ischemia followed by 
necrosis. The edema in the kidneys from these experiments does not 
appear to be sufficient to account for the necrosis. (3) The probable 
cause of the necrosis was the direct toxic effect of the antigen on the 
sensitized tissues. This is suggested by the fact that the more highly 
specialized and differentiated tubular epithelium of the cortex ap- 
peared to be more susceptible to injury than the less highly special- 
ized epithelium of the collecting tubules of the pyramids. Opie 
has shown that in sensitized animals the antigen remained localized 
in the tissues instead of being quickly reabsorbed as in non-sensitized 
animals. The antigen remaining concentrated at the site of the in- 
jection caused the necrosis and inflammation to be localized and 
more intense. 

Conclusions 

1. Hemorrhage was found in all the injected kidneys when the 
animal was killed within seventy-two hours. 

2. Necrosis was observed in kidneys of sensitized rabbits only. 

3. Anaphylactic inflammation differs from other inflammation 
in the intensity and rapidity with which it occurs. 

4. This anaphylactic inflammation was caused by the direct toxic 
effect of the antigen on the sensitized tissues. 
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THE EFFECT OF COMBINED POTASSIUM IODIDE AND 
THYROID SUBSTANCE UPON THE THYROID GLAND * 

S. H. Gray and J. Rabinovitch 

{From the Department of Pathology, Washington University School of Medicine, 

St. Louis, Mo.) 

In studies made of the effect of potassium iodide and thyroid 
substance upon the normal thyroid gland of the guinea pig it has 
been shown ^ that KI has a marked stimulating effect which is 
most pronounced after from 15 to 20 daily doses of o.i, 0.05, or o.oi 
gm., whereas thyroid substance has a definite depressing effect. In 
this paper we wish to report our findings concerning the effects of 
feeding thyroid substance alone, the effects of feeding KI and thy- 
roid together to the same guinea pig and also the effects of feeding 
one of these substances following a course of the other substance. 
In a few animals some of the previous experiments were repeated so 
as to have a control check. 

The method used has been described previously ^ and need not 
be mentioned again. The experiments may be grouped as follows: 
(i) Two untreated guinea pigs; (2) 2 guinea pigs fed with o.i gm. 
KI daily for twenty days; (3) ii guinea pigs fed with 0.1 gr. of thy- 
roid substance (Armour & Co.) daily, 6 for thirty days, 5 for twenty 
days; (4) 14 guinea pigs fed with both KI and thyroid substance, 6 
for twenty days, 4 for thirty- two days, 4 for thirty-eight days; (5) 4 
guinea pigs fed with KI for twenty days and then thyroid substance 
for twenty-three days; (6) 3 guinea pigs fed with thyroid substance 
for thirty days followed by KI for twenty days. 

Untreated Control Guinea Pigs: The number of mitoses was 348 
and 195. This is weU within the control figures.^’ ^ The acini were 
medium-sized, the epithelium medium cuboidal, the colloid hard 
with occasional vacuolization and few phagocytes. 

KI-Fed Guinea Pigs: The mitoses were very numerous, 2520, and 
4364. The epithelium was relatively tall, cuboidal and columnar; 
the coUoid was soft and phagocytes were numerous. 

Thyroid Substance-Fed Guinea Pigs: In the description by Gray 
and Loeb ^ of the effect of thyroid substance upon the thyroid gland 

* Received for publication May 21, 1929. 
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of the guinea pig, they used only four animals in which accurate 
quantitative estimation of the mitotic activity was made. These ex- 
periments were repeated upon a large series. Since the same results 
were obtained from both the twenty- and thirty-day feedings with 
thyroid substance, we shall not differentiate between these two 
groups in our study. 


Table I 


Number 
of animals 

Number 
of mitoses 

Number 
of animals 

Number 
of mitoses 

5 

0 

I 

20 

X 

16 

2 

80 

I 

18 

I 

166 


Average 34 


Table I enumerates the number of mitoses found in the entire 
thyroid gland; it varies between o and 166, with an average of 34. 
This number is somewhat lower than the average of 64 that Gray 
and Loeb found; it is markedly lower than the average for the nor- 
mal control. 

Structurally, the thyroid gland showed slight but definite changes. 
The acini were small and medium in size, being within the range of 
the control, although on the whole, one would say that the acini 
were smaller than those found in the thyroid glands of the untreated 
animals. This difference is too slight to deserve much emphasis. 
The epithelium was a little lower and the colloid a little harder with 
less vascuolization than was usually seen in control animals. These 
experiments show therefore that the feeding of thyroid extract to 
guinea pigs for a period of twenty to thirty days produces the struc- 
tural signs of inhibition in the activity of the gland. 

The Effect of a Simultaneous Feeding of KI and Thyroid Substance: 
In this series of experiments o.i gm. KI and 0.1 gr. thyroid substance 
were given daily to the same animal. Of these animals 6 were thus 
fed for twenty days, 4 for thirty-two days and 4 for thirty-eight 
days. The number of mitoses obtained in each case is listed in 
Table II. 

It will be noted from Table II that after a period of twenty days of 
a combined thyroid and KI feeding, the number of mitoses in the en- 
tire thyroid gland is very much the same as that found in the un- 
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Table II 


20 days 

32 days 

38 days 

20 days 

32 days 

38 days 

398 

96 

0 

18 

16 

28 

188 

240 

0 

0 

— 

— 

0 

0 

0 

570 




Average 196 88 7 


treated control. If the combined feeding is continued, however, for 
periods of thirty-two and thirty-eight days, there results a marked 
diminution in the number of mitoses. 

After twenty days of combined thyroid and KI feeding the epi- 
thelium becomes somewhat taller than the average untreated con- 
trol. It is definitely taller than that observed in the glands of animals 
that have been fed exclusively with thyroid and lower than that seen 
in animals fed with KI alone. The size of the epithelium under these 
conditions is somewhat midway between that found in the glands of 
animals fed with thyroid and those fed with KI. The colloid, on the 
other hand, is very hard and poorly infiltrated with phagocytes; it is 
very similar to that seen in animals fed with thyroid substance. 

Guinea Pigs Fed with KI for 20 Days Followed by Thyroid Sub- 
stance for 25 Days: In this series 4 guinea pigs were fed first with a 
daily dose of o.i gm. KI for a period of twenty days and then fed 
o.i gr. thyroid substance for a period of twenty- three days. The 
number of mitoses per gland in individual cases varied as follows: 
54, 48, 32 and o, giving an average of 33 mitoses. This figure is 
similar to that obtained in the control series that were fed with thy- 
roid (see above). It appears, therefore, that a preliminary ad- 
ministration of KI to the animal does not counteract in any way the 
subsequent depressing effects of thyroid substance on the mitotic 
cell activity of the acinar epithelium. In accordance with this view, 
we also find the microscopic appearance of the gland to resemble 
very closely the gland of the control thyroid-fed animal in so far as 
the coUoid is concerned. It is very hard and free from phagocytes; 
the epithelium, however, is somewhat taller than that seen in ani- 
mals fed with thyroid alone. 

Feeding of KI Following a Preliminary Administration of Thyroid 
Substance: In these experiments 3 guinea pigs were first fed with 
daily doses of 0.1 gr. thyroid substance for thirty days, followed by 
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o.i gm. potassium iodide for twenty days. In these animals the 
number of mitoses was 2296, 788 and 656, respectively, giving an 
average number of 1246 mitoses per entire gland. This figure, al- 
though considerably lower than that found in the series that were fed 
with KI alone, is nevertheless much greater than the average num- 
ber in the normal controls (see above). Furthermore, the micro- 
scopic appearance of these glands is very similar to that noted in the 
control Kl-fed animals; the colloid is softened and very rich in phag- 
ocytes, while the acinar epithelium is proportionately increased in 
size. It follows therefore that a previous administration of thyroid 
substance to the animals hinders only very little the subsequent 
effects of KI in so far as structural or proliferative changes in the 
gland are concerned. 


Discussion 

The results obtained in these experiments confirm the previous 
findings as to the manner of the action of potassium iodide and thy- 
roid substance on the activity of the thyroid gland of the guinea pig. 

Table HI 


Normal 

control 

KI feeding j 
control 

Thyroid 

(cedinK 

control 

KI plus 
thyroid i 
30 days 

KI plus 
thyroid 1 
32 days 

KI plus 
thyroid 

38 days 

. 

KI 20 days 
thyroid 

23 days 

Thyroid 

30 days 

KI 20 days 

271 

3442 

34 

1 

196 

i 88 

1 

1 

7 

33 

1246 


Table III summarizes the average number of mitoses found in the 
thyroid gland under the different experimental conditions. It shows 
that KI feeding to normal guinea pigs causes increased cell division, 
whereas thyroid feeding produces exactly the opposite efiect, 
namely a diminution in cell proliferation. With the combined feed- 
ing there was no balance between these two substances, for in twenty 
days the number of mitoses is not midway between the figures ob- 
tained for the KI animals and the thyroid animals, but is very 
nearly that obtained with thyroid feeding; yet there may be a slight 
neutralizing effect noticeable. In the thirty and thirty-eight days 
the thyroid effect is complete; however, in this connection we must 
recall the fact that a diminished number of mitoses has been found 













THYROID GLAND 


489 


in KI feeding after twenty-five to thirty days. The other structural 
changes noted in the gland are essentially those of thyroid feeding. 

There are definite average differences in the size of the epithelium 
between the normal controls, the Kl-fed and the thyroid-fed guinea 
pigs. In the animals which received combined feeding of KI and 
thyroid, the epithelium is a little taller than in the average control; 
although the gland in this case is principally under the influence of 
the thyroid substance, still there is some evidence of KI stimulation. 
A similar sign of KI stimulation is noted in the fact that in the gland 
of the animals fed with thyroid for twenty-three days following a 
preliminary twenty days KI feeding, the epithelium is taller than 
found in twenty-day thyroid feeding. The picture here is similar to 
what we have noted when feeding small doses of KI to normal guinea 
pigs.® 

The colloid in the animals which received combined feeding, even 
in the early period of twenty days, is hard and resembles the colloid 
in the controls fed with thyroid. From the numerous experiments 
that have been carried out in our laboratory, it is certain that KI 
has a stimulating effect upon the epithelium of the thyroid gland 
which is still noticeable when this substance is antagonized by ad- 
ministration of thyroid substance. As far as the colloid is concerned 
KI and thyroid substance also act antagonistically, the former sub- 
stance tending to soften it through a direct action of the phagocytes, 
which are increased in number, upon the colloid. Thyroid substance, 
on the other hand, causes a hardening of the colloid as well as a 
diminution in the number of phagocytes. 

In the glands of animals fed with KI following thyroid substance 
the character of the epithelium and of the colloid is similar to that 
observed in the glands of animals fed with KI that have not received 
a preliminary treatment with thyroid substance, the number of 
mitoses seems, however, to be somewhat diminished in these cases. 
We find thus that the interaction between thyroid substance and 
KI is similar to the interaction between KI and anterior pituitary 
substance fArmour & Co.) when fed by mouth, which McCordock ^ 
has recently described. McCordock finds that through combined 
feeding of anterior pituitary substance and KI the effect of the latter 
can be approximately neutralized, although he could also find signs 
of the effects of the individual substances upon different parts of 
the gland. 
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Summary 

1. Feeding of potassium iodide to normal guinea pigs stimulates 
the thyroid gland, whereas feeding of thyroid substance produces 
the opposite effect. 

2. In feeding KI and thyroid concomitantly, the effect of KI is 
evidenced by the increased size of the epithelium, and the effect of 
thyroid substance is manifested by the hardness of the colloid and 
the diminished number of mitoses. 

3. Preliminary feeding of KI interferes only slightly with the sub- 
sequent depressive action of thyroid substance and similarly a pre- 
liminary feeding of thyroid substance affects only to a small extent 
the subsequent stimulative effects produced by KI feeding. 
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PATHOLOGIC HISTOLOGY OF ADRENALECTOMIZED CATS* 


H. E. MacMahon, M.D. 

AND 

R. L. ZWEMER, Ph.D. 

NATIONAI, RESEARCH EEIiOW IN THE BIOLOGICAL SCIENCES 

{From the Department of Pathology of the Boston City Hospital, and the 
Department of Physiology, Harvard Medical School, Boston, Mass.) 

The correlation of the changes occurring during Addison’s disease 
with those of experimental adrenal insufficiency has progressed 
slowly. In most of the experimental work the animals have survived 
for too brief a period for easily recognizable pathologic changes to 
occur. Conversely, in human cases, adrenal insufficiency has been 
complicated by other factors. Complications may also occur in ex- 
perimental adrenal insufficiency as noted in this paper and also by 
Zwemer and Lyons.^ As shown by an analysis of our cases of un- 
complicated adrenal insufficiency, the histologic changes are roughly 
proportional to the length of survival after adrenal removal, and 
were first distinguished in our longest surviving animals. 

The experimental work included the gross and microscopic ex- 
amination of the tissues obtained from ten cats that had had both 
adrenals removed. The survival period following adrenalectomy 
averaged 240 hours, and varied between about 100 and 300 hours. 
No effort was made to prolong the life of these animals by adminis- 
tration of solutions or extracts. However, we exercised particular 
preoperative and postoperative care and strict asepsis during opera- 
tions. As controls we used five normal, healthy cats, two cats that 
were kept continually in deep anesthesia with ether for ten succes- 
sive hours, two cats that were starved, and two cats that died from 
bilateral confluent pneumonia. 

To obtain fresh tissues, the animals were killed when they ap- 
peared extremely feeble. Complete autopsies were performed in- 
cluding the brain and upper portion of the spinal cord. Tissue was 
cut in small pieces 2 to 3 mm. in thickness, fixed in Zenker’s solution, 

* Preliminary report presented before the American Association of Anatomists. 
Anat. Record, 1929, xlii, 43. 
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formalin, and alcohol-formalin, embedded in celloidin and parafBn, 
and stained with hematoxylin and eosin, and eosin and methylene 
blue. Frozen sections of formalin-jax:ed tissue were stained with 
Sudan IV, Nile blue sulfate, and osmic acid. 

Cultures were taken at the time of the autopsy from the peritoneal 
cavity and heart’s blood and planted in plain broth, and milk, and 
also on sheep blood agar plates. In this series of ten test animals we 
have included only those in which the cultures were sterile. Nearly 
as many animals in which we obtained positive cultures had to be 
discarded. The survival period of the infected animals was much 
shorter than that of the uninfected group. This agrees with the 
known susceptibility of adrenalectomized animals to toxins. 

A gross examination of the organs and tissues of the animals suf- 
fering from adrenal insufficiency reveals little that is unusual. The 
amount of subcutaneous fat is diminished, although the fat in the 
mesentery and great omentum is still quite abundant. The body is 
dehydrated, the surfaces of the peritoneal cavity though smooth, 
lack their usual sheen. The liver and spleen are moderately con- 
gested, and the blood that flows from the freshly cut surfaces is un- 
usually viscid. The subcutaneous, mesenteric and mediastinal 
lymph nodes are enlarged, firm and pale pink. The kidneys are large, 
the capsules strip readily from opaque yellow smooth surfaces. The 
fresh surface of the kidney is rather startling, the cortex is so opaque, 
yellow, regular and thickened, in contrast to the pyramids which are 
moderately congested. The heart, lungs, pancreas, intestines, blad- 
der, skeletal muscle, testis, brain, cord, pituitary, thyroid, para- 
thyroid, aorta and bone marrow show no constant gross lesions. 

In resume, the gross findings are fatty degeneration of the kidney, 
enlargement of the lymph nodes, dehydration, and moderate con- 
gestion of the liver and spleen. 

Microscopic Report 

The histologic changes which appear to be constantly associated 
with adrenal insufficiency are confined to the kidney, lymphoid tis- 
sue throughout the body, thyroid and testis. The lesions were alike 
in all cases and varied only in degree, depending largely on the period 
of survival. 

Kidney: The microscopic findings in the kidney are even more 
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striking than the gross picture. The lesion is confined to the tu- 
bules, especially the convoluted portions, leaving the glomerular 
capsule and capillary tufts unaffected. 

The tubular epithelium from the kidney of a normal cat contains 
a moderate amount of fat which varies slightly in different animals. 
In the adrenalectomized cat the amount of fat in the epithelial cells 
lining the tubules is greatly increased. 

In comparing the kidneys from the normal cats, the cats that had 
received a large dose of ether, those that died from an acute infec- 
tion, and the adrenalectomized cats, the contrast between the last 
named group and the first three is quite remarkable. On the other 
hand there was no appreciable variation in either the appearance, 
staining reaction or amount of visible fat in the tubular epithelium 
of the normal, starved, and etherized cats. 

The normal kidney, in the eosin-methylene blue preparations, has 
convoluted tubules that have very distinct lumina bordered with 
well defined, rather cuboidal epithelium. The cytoplasm of these 
cells, which is fairly dense, homogeneous and eosin-staining, con- 
tains minute to medium-sized clear vacuoles that are usually situ- 
ated toward the base of the cell. With the common differential fat 
stains these vacuoles are shown to represent fat droplets that stain 
orange with Sudan IV, black with osmic acid and pink with Nile 
blue sulfate. No visible fat was present in the glomeruli, in the 
lumina of the tubules, in the epithelium of the collecting tubules, in 
the stroma or in the blood vessels. 

In the kidney of the adrenalectomized cat the cells lining the con- 
voluted tubules are poorly defined, irregular and so distended with 
large and small vacuoles that they appear to obliterate the lumina. 
Even the cytoplasm of the cells lining the loops of Henle and the 
collecting tubules contains large and small clear vacuoles. Sections 
stained with Sudan IV, Nile blue sulfate, and osmic acid show no fat 
in the glomeruli. The fat in the convoluted tubules is very abundant 
and stains orange-red with Sudan IV, black with osmic acid and 
pink with Nile blue sulfate. In the collecting tubules the fat stains 
quite differently; with Sudan IV, it appears as fine orange-yellow 
granules, which fail to stain with osmic acid, and stain dark blue 
with the Nile blue sulfate. Furthermore, small fatty casts are seen 
in the lumina of the tubules. These stain orange-red with Sudan IV, 
and black with osmic acid, whereas with Nile blue sulfate the casts in 
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the convoluted tubules stain pink and those in the larger collecting 
tubules stain both pink and blue. This differentiation suggests that 
the source of the casts is probably in the tubular epithelium; the 
pink-staining casts arising from degenerating cells of the convoluted 
tubules and the blue from the more distal collecting tubules. 

Small fat droplets were frequently seen in the larger blood vessels. 
These stained orange with Sudan IV, black with osmic acid, and 
some blue and some pink with Nile blue sulfate. 

In summing up the histologic changes in the kidney, it is clear 
that the tubules show a definite lesion in which the amount of fat is 
greatly increased. In the convoluted tubules this stains as neutral 
fat, while in the collecting tubules it appears as fatty acids. In the 
collecting tubules fatty casts are seen that probably arise from the 
lipoid degeneration of the tubular epithelium. 

Lymphoid Tissue: In both the spleen and lymph nodes there is 
marked lymphoid hyperplasia. The l3mph nodules are increased in 
size, the germinal centers are large and filled with young lym- 
phocytes and lymphoblasts in which mitoses are numerous. Mature 
lymphocytes distend the sinuses and infiltrate the stroma of the 
lymph nodes. 

This finding is entirely different from the observation of Banting 
and Gairns ^ on dogs, in which the lymph nodes showed enlargement 
with edema, a tremendous proliferation of plasma cells, endothelial 
leucocytes, enlarged macrocytes and occasionally polymorphonu- 
clear leucocytes, and also a great increase in the reticular tissue, com- 
pression and almost complete obliteration of the germinal centers, 
active phagocytosis of red and white blood cells, and frequently 
blood pigment. 

Zwemer and Lyons have recently observed that there is an abso- 
lute increase in the lymphocytes in the circulating blood of adrenal- 
ectomized cats, a finding that may be correlated with the histologic 
changes in the lymphoid tissue in our series of “test’* animals. 

Thyroid: In most of the animals and especially in those with 
longer survival periods, the follicles show a moderate degree of col- 
loid distention. The colloid is homogeneous and stains a pale pink 
with eosin. The follicular epithelium is low cuboidal or slightly 
flattened. 

Tesiis: The interstitial cells of the testis are increased in size and 
number. Their cytoplasm is distended with minute clear vacuoles of 
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uniform size. They morphologically resemble the cells in the outer 
layer of the cortex of the suprarenal gland. It is said that the num- 
ber and size of the interstitial cells vary greatly imder normal con- 
ditions, hence our observation, which is based on a rather small 
group of animals, may simply be a chance finding. However, this 
increase occurred in all of the test animals and appeared to vary 
with the duration of survival. When stained with Sudan IV, osmic 
acid or Nile blue sulfate the cells resemble in every way those of the 
cortex of the normal adrenal gland of the cat. 

Discussion 

Several points must be carefully considered in interpreting the 
histologic changes that appear to follow bilateral adrenal removal. 
First, are the changes merely constitutional variations that might 
be found in any group of animals, or are the changes constant, and 
do they vary in degree depending on the period of survival? Sec- 
ondly, can one be certain that removal of the adrenal glands leaves 
no accessory adrenal tissue, and what part does infection, ether in- 
halation, dehydration or thirst play in producing the histologic 
changes? 

In answer to the first question we feel that the histologic findings 
are quite different in the “control” and “test” animals, and cannot 
be accounted for simply on the basis of unusual constitutional varia- 
tions within the normal. Moreover, these changes occurred with 
definite regularity and in most cases were accentuated in the long- 
surviving animals. 

It is impossible to be absolutely certain that all adrenal tissue has 
been removed, yet in the cat the presence of accessory adrenal tissue 
is a very unusual finding, and if present even in small amounts will 
probably maintain the life of the animal. An example from one of 
our own series will make this point clear. A large cat that made a 
good recovery after bilateral adrenalectomy, began on the second 
day after the operation to show signs of adrenal insufficiency which 
slowly progressed for about eight days. The animal then remained 
in a lethargic semicomatose state for several days when definite 
signs of improvement were noticed. The animal gained in weight 
and showed normal behavior and lived as a normal appearing animal 
for sixty-seven days. At this time an exploratory operation was 
done in search of accessory adrenal tissue. A clean dissection was 
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made of the old adrenal beds and of loose tissue lying adjacent to the 
large vessels. Multiple sections were taken from this and revealed in 
addition to scar tissue, lymph nodes and S3Tnpathetic ganglia, a 
small encapsulated nodule of large adrenal cortical cells that were 
finely vacuolated. The animal lived thirteen days longer showing 
progressive signs of adrenal insufficiency until death. 

Every effort was made during the operations and in the after care 
of the animals to prevent infection. Cultures, taken from the heart’s 
blood and peritoneum of the animals that we have included in the 
normal control and operated series, were sterile. 

Prolonged ether inhalation, starvation or dehydration, produced 
no constant lesions that would be confused with the histologic lesions 
we have described. 

Another question that at once suggests itself is what relationship 
does adrenal insufficiency bear to the histologic lesions? Are these 
lesions dependent primarily on lack of adrenal tissue and more par- 
ticularly the cortical portion, or are they secondary to metabolic or- 
biochemical changes resulting from adrenalectomy? On the other 
hand, may not the chemical changes be simply the result of degen- 
erative changes in the kidney, thyroid and other organs? Such ques- 
tions as these cannot be answered from a purely histologic study but 
there are several points that may have a clinical bearing and warrant 
further consideration. 

The problem of “lipoid nephrosis” is one that is receiving a great 
deal of attention at the present time from both clinicians and pathol- 
ogists. If we restrict ourselves to the pathologic interpretation of 
the term whereby we imply simply fatty degeneration of the tu- 
bules of the kidney, as was done by Hartman and his collabora- 
tors,®’^ then we may say that adrenalectomy is at least one means of 
producing this pathologic entity. However, the term “lipoid 
nephrosis” is in reality a name applied to a clinical syndrome of 
which a fatty degenerative change in the tubules of the kidney is but 
one, and probably, a relatively late manifestation. 

The characteristics of “lipoid nephrosis” as reported by Epstein ® 
are edema, albuminuria, low basal metabolism and changes in the 
composition of the blood, with absence of hypertension, retinitis, he- 
maturia and azotemia. The changes in the blood are a decrease in 
the total serum protein, with an inversion of the normal albumin- 
globulin ratio, and in most cases a decrease in the blood calcium. 
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No edema is present in animals suffering from adrenal insuffi- 
ciency. On the contrary, the tissues appear dehydrated (Zwemer ®). 
The lowered blood pressure (Marshall and Davis ’’) and fall in basal 
metabolism (Aub, Forman and Bright, ® Aub, Bright and Forman, » 
Zwemer and Bright are similar in both conditions. There are in- 
creases in total blood solids (Donath, Hartman et al., ® Lucas ^2) 
and in serum calcium (Kisch, Hartman, ® Stewart and Rogoff 
after adrenal removal, in contrast to the “lipoid nephrosis ” observa- 
tions. 

Although there are not many points in common with adrenal in- 
sufficiency, the changes in blood pressure, basal metabolism, and the 
kidneys suggest a possible endocrine disturbance present in the 
clinical syndrome known as “lipoid nephrosis.” 

Perhaps the most interesting lesion was the marked h)^erplasia of 
the lymphoid tissue. Several years ago the clinical relationship of 
status lymphaticus and adrenal insufficiency was described (Hed- 
inger,^® Wiesel,^® Fahr and Reiche^'^). It would appear that there 
might be experimental evidence to substantiate that observation, 
and further it suggests that the lymphoid tissue, whatever its func- 
tion is, may be physiologically related to the glands of internal 
secretion. On the other hand the hyperplasia miay be only the re- 
sponse to an unusual toxemia. The histologic picture of the lymph 
nodes substantiates the lymphocytosis previously described by 
Zwemer and Lyons. 

In a few cases of Addison’s disease in which the testis was studied 
microscopically, unusually large and numerous interstitial cells were 
observed. These and our experimental observations indicate a pos- 
sible adrenal-interstitial relationship, which is strengthened when we 
remember their common embryological origin, and the data collected 
by Glynn on the relation of adrenal hypertrophy to clinical sex 
anomalies. 

It is exceedingly difficult, if not impossible to determine the phy- 
siologic activity of a tissue by examination of fixed and stained sec- 
tions thereof, but, the thyroid glands in our operated animals appear 
to be in what is frequently called the “resting state.” If this is true, 
it may account in part for the decrease in basal metabolism after 
adrenalectomy and add something to the interpretation of thyroid- 
adrenal activity. 
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Summary 

1. The gross and miscroscopic lesions following experimental ad- 
renal insufficiency in cats (average survival ten days) are described. 

2. Briefly they consist in fatty degeneration of the tubules of the 
kidney, lymphoid hyperplasia, moderate colloid distention of the 
thyroid, and hyperplasia of the interstitial cells of the testis. 

3. The significance of these, and other observations on experi- 
mental adrenal insufficiency, is discussed in relation to “lipoid 
nephrosis,” lymphoid hyperplasia and additional clinical syndromes. 

Note: We are indebted to Dr. F. B. Mallory for the photomicro- 
graphs and to Miss Marion E. Lamb for technical assistance. 
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DESCRIPTION OF PLATES 
Plate 99 

Fig. I. Photomicrograph of kidney stained with Sudan IV, showing the large 
amount of fat in the tubular epithelium, x 100 
Fig. 2 . Photomicrograph of portion of lymph node, showing hyperplastic lymph 
nodules and the peripheral sinus distended with mature lymphocytes. 
X ISO 
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CONGENITAL ANOMALIES OF THE LIVER * 

H. E. MacMahon, M.D. 

{From the Pathological Laboratory of the Boston City Hospital, Boston, Mass.) 

The microscopic study of a large series of livers from premature 
and full-term infants, infants one to several months of age, children 
and adults has shown clearly that congenital anomalies may occur 
within the liver in regard to the arrangement of the liver cells, the 
lobules, the intrahepatic bile ducts, and also in the mesenchymal 
architecture of the portal areas. The importance of these variations 
is probably more of embryologic or biologic interest, and yet they 
should be recognized by the pathologist as forming a histologic basis 
of some of the more unusual forms of intractable jaundice of infancy. 
Furthermore, they should be considered carefully both in the dif- 
ferential diagnosis of healed forms of cirrhosis and in the interpreta- 
tion of some of the unusual histologic lesions at times seen in the 
fuUy developed liver. 

Embryology or the Liver 

The development of the human liver, according to the majority of 
anatomists, recapitulates broadly the forms recognized in the evolu- 
tion of the animal scale. The liver begins as a ventral outgrowth of 
the entodermal tube, a stage seen in the amphioxus in which the 
liver is merely a cecal diverticulum of the digestive canal. In the 
shark, this outpouching has developed into considerable size; it is 
formed of epithelial tubes with lumina, known as hepatic cylinders. 
In the amphibians there is further development, the cylinder and 
lumina are smaller, and the organ is a modified tubular gland com- 
posed of these cylinders of hepatic cells arranged around bile ducts, 
A similar picture is seen in the lo, 12, 14 and 16 mm. human embryo, 
in which the liver is composed of a network of reticulating cylinders 
bordered by endothelial-lined spaces, but at this stage the intrahe- 
patic bile ducts have not yet developed. 

In the further development of the embryo the tubular form is lost 
and smaller and smaller meshes of hepatic cells arise from these 
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primary cylinders. At first these appear simply as a network of tra- 
beculae lacking an orderly arrangement, but later they become 
grouped into lobular units. 

There are different theories regarding the embryogenesis of the 
intrahepatic bile ducts. Minot ^ favored the view that they arose 
from the hepatic duct — “the origin of the interlobular ducts is as 
yet but imperfectly understood, but we may surmise that they arise 
as evaginations of the hepatic duct: certain it is that they are always 
distinct from the hepatic cells.” According to Arey,^ “ at eight weeks 
hollow interlobular ducts appear spreading inward from the hepatic 
duct along the larger branches of the portal vein.” Schafer,® Lewis,^ 
Hertwig,® von Meyenberg ® and Keith ^ regard at least the smaller 
periportal ducts as arising from the liver cells, while von Meyenberg 
in his interpretation of liver cysts concluded that the large periportal 
ducts arose from the hepatic duct. According to Keith, “the ducts 
of the liver, unlike those of any other gland, arise by a secondary 
process. Undifferentiated cells l3dng along the distribution of the 
portal vein in the liver, group themselves into cords, develop lumina, 
become covered with mesodermal tissue and then form the intrahe- 
patic bile ducts.” 

Lewis describes the process as follows: “The trabeculae form 
cords extending along the surface of the periportal mesenchyma and 
in them a lumen is formed. In places the cells on the mesenchymal 
side of the lumen are distinctly flatter than those toward the portal 
capillaries. In a later stage the mesenchyma has increased so that it 
surrounds the ducts which were seen forming along its surface. Their 
epithelium has become regularly cuboidal or columnar.” 

The commonly accepted view regarding the development of the 
extrahepatic biliary system is that the hepatic ducts arise within the 
stalks of the solid hepatic buds, that is from the anterior portion of 
the hepatic diverticulum; while from the caudal portion are de- 
veloped the common bile duct, the gall bladder, and the cystic duct 
at the junction of the common bile duct and the gall bladder. More- 
over, in addition to arising from different portions of the original 
hepatic anlage, these structures develop in different stages so that 
one portion may have a lumen while another is still a solid cord of 
cells. 

The primary vessels of the liver are the two vitelline veins which 
form a close anastomosis with each other. With invasion by liver 
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tissue and the formation of sinusoids, these veins become resolved 
into a distributing and collecting group. The distal group comprises 
the system of hepatic veins, whereas the proximal portion of the two 
vitelline veins forms a single vessel which represents the portal vein 
of later stages. About the fifth week of embryonic life the left umbili- 
cal vein establishes a communication i^nth the vascular plexus of the 
liver, so that placental blood as well as blood from the intestines now 
passes through the liver. Soon afterward, a large channel, the ductus 
venosus, develops between the proximal and distal groups of vitel- 
line vessels; this conveys the larger portion of placental blood di- 
rectly into the inferior vena cava. 

Very early the common bile duct, the cystic and hepatic ducts are 
surrounded by mesenchyma. With the development of the hepatic 
circulation the mesenchyma spreads along the ramification of the 
portal vein into the substance of the liver. Periportal ducts form, 
and branches of the hepatic artery, together with nerves and lym- 
phatics extend along into this loose mesench3nna so that the wide 
portal areas show a rather sharp contrast to the little connective 
tissue that surrounds the thin-walled central veins. 

In brief, the development of the mammalian liver may be traced 
from a simple diverticulum of the foregut, through a compound 
tubular structure composed of reticulating cyhnders, through a stage 
in which the liver is composed of a network of liver cell trabeculae 
lacking orderly arrangement, and finally into the mature form in 
which it is divided into lobular units. The peripheral bile ducts ap- 
pear to develop from undifferentiated parenchyma cells bordering 
the portal areas. These form larger ducts which communicate with 
branches of the hepatic duct which arise outside of the liver. The 
gaU bladder, cystic and common ducts develop independently. The 
mesenchyma of the portal areas extends in along the portal vein and 
increases with the appearance of branches of the hepatic artery, 
nerves and lymphatics. 

In this short review of the embryology of the liver we have 
stressed a few of the more important developmental processes which 
form the basis of some of the more common congenital anomalies 
seen in later months. 
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Gross ANoiiALiES 

The number of anomalies that might arise in an organ having 
such a complicated process of development could be very large, and 
probably many of the minor variations are often overlooked. 

Holmes ® describes congenital obliteration of the bile ducts as 
they affect the hepatic, cystic, common duct and gaU bladder, and 
reviews the gross morphologic relation in one hundred reported cases. 
He favors the view that the obliteration is a developmental anomaly 
rather than infectious, and points out that in at least sixteen of these 
cases surgical relief was possible, while Thomson® first drew atten- 
tion to the cirrhosis of the liver which may result from an oblitera- 
tive process in the large biliary system. 

Boy den has described the gross morphologic anomalies of the 
mammalian gall bladder. Meckel reported a case of complete ab- 
sence of the gall bladder, and Kermisson and Hebert collected 
three cases in which there was no trace of the hepatic, cystic or com- 
mon ducts. 

In the liver, the more common gross anomalies are irregularities in 
form, in the number of lobules and in the presence of cysts; while a 
very much rarer finding is the presence of one or more accessory 
livers. 


Histologic Anomalies 

The congenital histologic variations of the liver, exclusive of those 
changes which occur as a result of some abnormality in the extrahe- 
patic biliary system, may be separated into two groups: first, those 
in which there has been simply a retardation in the normal process 
of development, in which case the liver of a fuU-term child may 
structurally resemble, in part at least, the liver of a developing fetus; 
and secondly, those in which there is a true developmental anomaly 
involving either the parenchyma or the connective tissue forming the 
portal areas. 

Group I. Two varieties were found that fall into this group. In 
one which occurred in a full-term child who lived seven months the 
structure resembled a network of reticulating cylinders, in which 
tubules of eight and ten liver cells surround large and small lumina. 
This simulated in arrangement the developing liver of a young mam- 
malian embryo, or the mature liver of an amphibian. 



CONGENITAL ANOMALIES OE THE LIVER 


503 


The second example occurred in a full-term child who lived several 
months and was jaundiced since birth. As in the former case, the 
extrahepatic biliary system was normal. The liver was composed of 
ah anastomosing network of poorly defined trabeculae of liver cells 
separated by wide endothelial-lined spaces. The liver cells varied in 
size and shape and were poorly defined, while some contained six 
and eight nuclei. They were arranged in single rows, sometimes in 
double rows with a distended bile capillary between. There was no 
lobulation, but here and there the parenchyma was traversed by 
irregular portal areas in which normal periportal ducts could be fol- 
lowed. The jaundice which occurred in this case probably resulted 
from a lack of continuity of the bile capillaries, which in turn was de- 
pendent on the disorderly arrangement of the liver cells. 

Group II. Probably one of the commonest variations seen in the 
liver of newborn infants is the irregularity in the amount of mesen- 
chyma in the portal areas. Sometimes an unusually large amount 
of connective tissue has grown in along the large vessels. In the in- 
fant this tissue may be arranged loosely and appears very conspicu- 
ous. In later life with condensation and increase in the number and 
size of the lobules it becomes a much less noticeable feature. At 
either age, it appears to cause no functional disturbance. Two of the 
cases of this type were complicated by the presence in the portal 
connective tissue of many blood-forming cells similar to those lying 
in the perisinusoidal spaces. 

Another type of anomaly likewise involving primarily the mesen- 
chyma occurred in a full-term child who lived nine weeks. This child 
had also been jaundiced since birth. The portal connective tissue in 
all portal areas was increased in amount and was very condensed. 
The portal vessels were numerous, small and compressed. The peri- 
portal ducts were increased in number and could be traced as double 
rows of cells often showing no lumen. These duct cells resembled 
the poorly differentiated embryonic type, and lacked the normal de- 
velopment into the mature cuboidal and columnar forms. It is pos- 
sible that this abnormality is primarily a maldevelopment of the 
periportal ducts; however, the increase and condensation of the 
mesenchyma is such an outstanding feature that the duct anomaly is 
probably secondary. 

The normal liver of a pig and also of a camel (Mall is divided 
into distinct and separate lobules by strands of connective tissue. 
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Occasionally the human liver may show this reversion in varying de- 
grees. The human liver may be resolved into well defined lobules 
partly by rows of liver cells at the periphery which lie at right angles 
to the radiating trabeculae, and partly by narrow bands of connec- 
tive tissue. 

This division into lobules may be much more irregular and much 
more complete. Narrow bands of mesenchymal tissue may extend 
from one portal area to another dividing the parenchyma into single 
and compound lobules, often lacking any visible central veins. In 
one case of this type, in a child twenty months old showing other con- 
genital stigmata, the peripheral connective tissue was bordered by 
young sprouting periportal ducts which had not become detached 
from the lobule by the surrounding mesenchymal tissue (Figs, i and 
2). 

This last case is of unusual interest because it shows a complete 
border of periportal ducts developing from the undifferentiated peri- 
pheral parenchyma cells. Bloom has recently attempted to prove 
that the change of liver cell cords into bile duct epithelium is de- 
pendent on the former being surrounded by connective tissue. Ac- 
cording to this author, “when the connective tissue is absent, the 
epithelium surrounding the lumen of the tube is continuous and 
morphologically indistinguishable from the remainder of the hepatic 
parenchyma.” In the case reported here this transformation occurs 
in the absence of surrounding connective tissue, which suggests that 
some factor other than connective tissue may control the embryo- 
genesis of these periportal ducts. Furthermore, there is evidence 
to show that the cells of the periportal ducts are relatively less differ- 
entiated in the infant than in the adult. In an adult, a toxin that 
kills off all the liver cells of a lobule leaving only the periportal ducts, 
results in the regeneration of cells, simulating the periportal duct 
cell, which apparently never form true liver cells. In an infant’s 
liver that has suffered a similar destructive lesion, the periportal 
cells may regenerate in the form of tubules, resembling by the 
morphology of the cell and the presence of bile in the lumina, liver 
cells; and by the tubular arrangement of the cells, poorly formed 
bile ducts (Fig. 3). 

There is another anomaly of the liver which occurs more fre- 
quently that is characterized by an increase in number and size of 
the periportal bile ducts. Many of these, even in the seven-month 
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fetus, are unusually dilated and appear as distended tubules and 
small irregular cysts. These cyst-like ducts contain eosin-staining 
finely granular coagulum. The cells lining the dilated ducts are 
small, rather uniform and cuboidal, and have little cytoplasm, 
whereas the nucleus is relatively large and resembles that in the liver 
cells. At the margin of the portal areas are ducts that are incom- 
pletely formed; the row of cells l3dng adjacent to peripheral mesen- 
chyma resembles bile duct epithelium, whereas the cells toward the 
lobule are like liver cells and are continuous with the liver cells of the 
lobule. 

A well marked case in an eight-month fetus showed the liver 
parenchyma divided up irregularly into uneven lobules by coarse 
bands of loose mesenchyma. The large, dilated, poorly formed peri- 
portal bile ducts were distributed along the surface of the portal 
connective tissue (Fig. 4). The larger portal areas contained as 
many as six to eight thin-waUed moderately large blood vessels. 

In another case, in a full-term child one month old, the many di- 
lated ducts were less prominent. The cells lining the ducts were uni- 
form in size and better defined, but were still relatively undifferen- 
tiated. There was more connective tissue in the former case, and 
most of the ducts were completely surrounded by it. 

The liver of a child three months old showed a similar picture. 
The number of dilated bile ducts was about the same as that in the 
earlier cases, but with further condensation of the stroma they were 
less conspicuous. They did not appear to be increasing in number 
or in size, and the duct cells showed no mitoses. The cells were more 
mature and in places tended to become low columnar, with the nuclei 
more toward the base. Normal portal areas were seen at the margin 
of many of the more recently formed lobules, but the greater part of 
the liver still lacked normal lobulation (Fig. 5). 

This type of anomaly persists with the growth of the individual. 
An excellent example was seen in a child 15 years of age. The large 
portal areas showed an increase in both munber and size of the ducts 
as well as an increase in blood vessels and connective tissue. The 
epithelium of the ducts was generally of a very uniform cuboidal 
t5^e, although at times it was low columnar. The presence of bile 
within these ducts demonstrates that they are part of the functioning 
biliary system (Fig. 6). 

The liver of an adult, which grossly may appear quite normal, may 
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show this same malformation. Here, however, with the growth of 
liver cells and condensation of the portal connective tissue, this 
anomaly which formed such an outstanding feature in the fetus may 
appear relatively insignificant (Fig. 7). • 

Sometimes, as not infrequently happens both in the embryo and 
adult, a portion of a duct becomes detached and separated off as an 
epithelial-lined cyst. This may increase in size and result in com- 
pression of the surrounding stroma. The watery fluid that is se- 
creted into the cyst may so distend the wall that with gradual 
thinning and elongation of the epithelial cells they resemble a del- 
icate wall of endothelium (Fig. 8). In time the epithelium may 
atrophy, and then the fluid is absorbed, the walls contract, and the 
space becomes obliterated by fibrous tissue. 

In this type of congenital malformation of the ducts the process 
begins with an abnormal development of the periportal bile ducts. 
When once formed they do not disappear but become gradually less 
conspicuous with the later development of the liver. Whether the 
anomaly is primarily the result of anomalous development of the 
periportal bile ducts, or whether it is secondary to an increase in 
mesenchyma that is commonly present, is a debatable question; 
however, the unusual regularity with which this anomaly is asso- 
ciated with the bilateral congenital cystic kidney would suggest that 
we are dealing with a primary developmental defect of parenchyma- 
tous origin. In the infant the liver may be normal in size, contour 
and color. It may cut with slightly increased resistance. Fibrous 
bands may be irregularly followed extending into the liver from the 
transverse septum. In the adult the liver may be grossly normal or 
filled with large and small cysts. According to Moschcowitz the 
congenital cysts of the liver arise from aberrant ducts, one type of 
cyst arising from “inflammatory hyperplasia of these ducts,” the 
other by retention of fluid as a result of congenital obstruction. 

Summary 

Congenital anomalies of the liver are relatively infrequent. They 
may involve the biliary system, the liver cells or the stroma. Sev- 
eral of the more common types are described and explained on an 
embryologic basis. One type that is characterized by an increase 
and dilatation of the periportal bile ducts, accompanied by an in- 



CONGENITAL ANOMALIES OF THE LIVEE 


507 


crease in connective tissue in the portal areas, may persist through- 
out life. Associated with this t3^e of anomaly are the congenital 
cysts of the liver occasionally seen at birth and also in later life. 
Moreover, this anomaly, with or without cyst formation, very com- 
monly accompanies bilateral congenital cysts of the kidneys. 
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Plate ioo 

Fig. I. Photomicrograph of the liver of a full-term child who lived twenty 
months. The parenchyma is divided into single and compound lobules, 
many of which lack central veins. Developing periportal bile ducts border 
the periphery of the lobules, x 5°. 

Fig. 2. A higher power photomicrograph of the liver in Fig. i. The portal con- 
nective tissue contains well formed vessels and bUe ducts. The small em- 
bryonic periportal bile ducts lie at the periphery of the lobule. The liver 
cells lack uniformity. The trabecular arrangement is lost, and bile capil- 
laries arc indistinct, x 150. 
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Plate ioi 


Fig. 3. Photomicrograph of the liver of a three-months-old child showing the 
healing stage of an acute to.xic hepatitis. The liver cells of the lobules have 
been killed. The trabecular spaces arc fdlcd with endothelial leucocytes. 
Regenerating periportal bile ducts border the portal areas. The morpholog}' 
and the presence of bile in bile capillaries bordered by the cells suggest that 
they arc liver cells, whereas their arrangement more closely resembles 
poorly formed bile ducts, x 100. 

Fig. 4. Photomicrograph of the liver of an eight-month fetus. Large dilated 
cyst-like periportal ducts border the peripheral mcscnchyma. The liver 
cells arc separated by wide endothelial-lined sinusoids and arc arranged as a 
loose network of interlacing trabeculae. There arc many foci of cells show- 
ing hematopoiesis in the pcrisinusoidal spaces, x 100. 
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Plate 102 


Fig. 5. Photomicrograph of the liver of a full-term child who lived for three 
months. The many dilated bile ducts stand out in sharp contrast to the 
moderately condensed stroma. The cells lining the bile ducts are uniform 
in size and more differentiated than in the preceding case, x 150. 

Fig. 6. Low power photomicrograph of the liver of a child 15 3'cars of age. The 
larger portal areas contain many dilated bile ducts. The presence of bile in 
some of these suggests that they form part of the functioning biliarv' system. 
X so. 
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Plate 103 

Fig. 7. Photomicrograph of the liver of an adult showing the same anomaly of 
the bile ducts. They are increased in number, moderately dilated and lined 
with a uniform cuiroidal type of epithelium. The connective tissue stroma, 
as in the earlier cases, is also considerably increased, x 100. 

Fig. 8. Photomicrograph of the liver from an elderly male. It shows the same 
bile duct anomaly. Here some of the ducts have become isolated, and as 
cyst-like spaces are distended with clear fluid. The bile duct epithelium is 
c.xtremely compressed. The unusual amount of connective tissue surround- 
ing the cysts suggests an old healed inflammatory lesion, x 50. 
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Report op a Case oe Pel-ebstein’s Disease of Tdbercuxoos Origin. 
Elise S. L’Esperance, New York City. 

{Abstract not received^ 

Skin Reactions in Sprue Patients to Various Food Preparations. Charles 
Weiss and (by invitation) Oscar Costa-Mandry, St. Louis, Mo. 

Abstract. An investigation was made to determine whether the tm toward 
gastro intestinal reactions observed in sprue patients (diarrhoea, tympanites, 
flatulence, etc.,) after eating certain types of food might be of an allergic na- 
ture. A careful survey was made of the foods commonly eaten b}' the people 
of Porto Rico, and representative types were selected as antigens for intracu- 
taneous tests. These included proteins prepared from rice, beans, pork, cod-fish, 
cocoanut, etc. ; sugars (saccharose and fructose) ; jats and oils (lard, butter, etc.,) ; 
starches prepared from rice, potatoes, beans, etc.; and local spices and coffee. 

Our results were clearly negative and do not lend support to the h)T)othesis 
that the imtoward digestive symptoms of sprue patients are due to specific 
hypersensitiveness to certain food products. 

The Antigeotc Properties of the Protein from Tuberculin. J. H. Lewis 
and (by invitation) F. Seibert, Chicago, HI. 

Abstract. The proteins used in these experiments were obtained from 6 to 8 
weeks cultures of avian, bovine and human tubercle bacilli and timothy bacilli 
grown on Long’s synthetic non-protein liquid medium, and were isolated either 
by precipitation with ammonium sulphate or by ultrafiltration. The processes 
used in either case were such that denaturation was prevented. The proteins 
were readily soluble in water, forming perfectly clear solutions. While they 
were not crystallized proteins they were the starting point where Seibert began 
her crystallization of the tuberculin protein. In doses of o.i milligram (the 
smallest amount tested) they were actively anaphylactogenic as proved by in- 
travenous injections of lo to 15 milligrams into sensitized guinea pigs, by the 
uterine strip method, and by the bronchospastic method of Lewis and Koessler. 
Cross-sensitization tests (intravenous and uterine strip) made with avian, bo- 
vine and human tuberculin proteins showed that these three proteins give cross- 
reactions but are distinguishable from each other by desensitization tests. 
Uterine strips from guinea pigs sensitized with the tuberculin proteins do not 
react to the protein from timothy bacilli filtrates, and vice versa. Guinea pigs 
injected with the human tuberculin protein produced high titers of precipitins. 
The sera containing such precipitins could passively sensitize normal guinea 
pigs in doses as small as one cubic centimeter. Tuberculous guinea pigs died 
from acute anaphylactic shock when the tuberculin protein was injected intra- 
venously. With the bronchospastic and uterine strip methods it was shown that 
this true anaphylactic sensitization developed about six weeks after infection. 
Sera from tuberculous guinea pigs and from some humans with tuberculosis 
contained high titers of precipitins, but, in contrast to precipitating sera from 
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normal immunized guinea pigs, they were not able passively to sensitize guinea 
pigs. 

Discussion 

(Dr. A. F. Coca, New York City.) The most surprising thing about this very 
interesting study is the lack of specificity which seems to be shown in some of 
the earlier experiments, although Dr. Lewis does give one experiment, at any 
rate, that demonstrates a certain specificity of the protein of the timothy 
bacillus. 

With respect to bovine and human tuberculin, I am not sure whether there 
is a defim’te, specific difference in the tuberculin active substance; but between 
avian and human tuberculin, there is a distinct impression from the experiences 
of Lowenstein that they are specifically different as tested in the infected indi- 
vidual. 

Dr. Wollstein says that recently she has had a considerable series of experi- 
ments of that kind carried out on children in New York, and found some of 
them (something over loo cases) positive to the human tuberculin, but negative 
to any concentration of avian tuberculin. There may be some question as to 
whether these experiments of Dr. Lewis’ need to coincide with those carried on 
in the human being. At any rate they seem to disagree, because I imderstand 
that Dr. Lewis believes that he has isolated here the particular substance that 
is responsible for the tuberculin reaction. There is a discrepancy here that evi- 
dently needs further study with reference to the interesting report we had yes- 
terday by Dr. Dienes, who, no doubt, would have something further to say 
along that line. 

(Dr. E. L. Opie, Philadelphia.) I should like to ask Dr. Lewis if these guinea 
pigs gave skin reactions to the protein that he used. 

In an effort to correlate anaphylactic hypersensitiveness and the tuberculin 
reaction Baldwin and Austrian failed to obtain skin reactions with tuberculin 
prepared by the usual methods, though they obtained anaphylactic shock by 
injection of tuberculo-protein into the blood stream or into the central nervous 
system. They have emphasized the distinction between anaphylactic hyper- 
sensitiveness to tuberculo-protein and cutaneous and toxic sensitiveness to 
tuberculin. 

(Dr. Stuart Mudd, Philadelphia.) I think the apparent discrepancy Dr, 
Coca has pointed out can be explained. Extensive studies of the serology of 
acid-fast bacteria have shown that avian tubercle bacilli give strong cross- 
reactions with bovine and human strains; indeed reciprocal adsorption tests 
may be required to differentiate the avian and mammalian strains with cer- 
tainty. On the other hand certain saprophytic strains, of which "timothy” is 
no doubt one, do not cross-react with mammalian tubercle badlh. 

I was surprised though, if I rmderstood correctly, that there should be a dis- 
tinction between bovine and human tubercle bacillus proteins, because all the 
work that has been reported and aU we have done has failed to show any sero- 
logical distinction between the human and bovine strains. 

(Dr. E. R. Long, Chicago.) The results just brought out are much more strik- 
ing than those secured by Dr. Baldwin some years ago, which are considered 
the pioneer work on this subject. It should be pointed out that Dr. Baldwin 
used a water extract of dried tubercle bacilli, and in the drring process there is 
no doubt that a considerable amoimt of change took place. There is much loss 
of biological activity in drying. These results are probably so much more strik- 
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ing than Dr. Baldwin’s because the materials were subjected to chemical 
methods not likely to lead to change in the character of the proteins. 

I am much interested in what Dr. Coca and Dr. Mudd had to say about the 
relationship of these microorganisms. I might recall some work which I did 
some years ago on the tuberculin reaction. I found that animals that were sensi- 
tive to hiunan tubercle bacilli and corresponding tuberculin were also sensitive 
to other organisms of the acid-fast group but not to the same degree. My own 
feehng is that probably not exactly the same protein, but related proteins are 
present in the bacilli of this group. 

(Dr. E. Pribram, Chicago.) I should like to know whether these animals 
became immunized because of the high character of the protein and become 
less sensitive, which affords a protection from infection with the tubercle bacilli. 

(Dr. H. Swift, New York City.) I should like to ask whether the skin reac- 
tions (just amphfying Dr. Opie’s question) were of the immediate t5q)e occur- 
ring within the first two or three hours or whether they were the late tuberculin 
type of reaction. 

(Dr. L. L. Dienes, Asheville, N. C.) With preparations similar to those used 
by Lewis and Seibert, we obtained abundant antibody production only in tu- 
berculous guinea pigs, not in normal ones. Complement fixation antibodies 
were produced in larger amounts than precipitins. In the filtrates of synthetic 
media we found only the proteins precipitable with acid, antigenic in vivo, and 
this protein fraction is a different antigen from the fraction non-precipitable 
with acid. We have to pay special attention to the fact that certain protein 
preparations produce antibodies in abundance toward carbohydrate precipit- 
able substance. The antigenic effect in vivo of different preparations varies to 
a great extent, and possibly this is the reason our observation does not entirely 
correspond to that of the authors. 

(Dr. Lewis, closing.) We studied cross-anaphylactic reactions with two 
methods, the intravenous injection method and the uterine strip method. With 
the intravenous injections into sensitized animals it was impossible to distin- 
guish between the three types of tubercle bacillus proteins, since animals sensi- 
tized to one died equally rapidly when injected with either one of the other two. 
We did not try to desensitize living sensitized guinea pigs with non-fatal doses 
of protein, but did make desensitization experiments with the uterine strip 
method which lends itself particularly well to this purpose. There is a similar- 
ity between the three tubercle bacillus proteins because a uterine strip sensitized 
to one will react to either of the other two, but after such a reaction there always 
remains some sensitization to the homologous protein. In other words, the three 
proteins are closely related but are not identical, since one will not desensitize 
to the other. Whether the bovine protein is more closely related to the human 
protein than avian, we cannot say from experiments made so far. 

We did not make comparisons of the tuberculin test and the anaphylactic 
reacbon in tuberculous animals because we wanted to avoid any anaphylactic 
desensitization that might occur from the injection of small amounts of tuber- 
culin. 

In animals given several injections of as large quantities of tubercle bacillus 
proteins as were not fatal, a suggestion of a skin reaction could be elicited which 
resembled a tuberculin reaction. The impression is given that if the protein was 
less toxic so that larger and more frequent injections could be given, a degree of 
skin sensitization could be obtained which would simulate very closely a true 
tuberculin reaction. 
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We did not try to study the protection from infection with tuberculosis that 
injections of these proteins afforded. We were not interested in this problem at 
that time. 

In answer to Dr. Swift’s question about the immediate reaction, we consid- 
ered only as positive anaphylactic reactions those animals that gave an imme- 
diate, acute reaction and disregarded those reactions which were delayed and 
which were fatal the next day, because we could not be sure that the latter type 
of reactions was due to anaphylaxis or to the primary toxicity of the proteins. 
We used the same criteria that we use in anaphylactic tests with other pro- 
teins. We made no attempt to study the relation of carbohydrates to these 
experiments. We were aware at all times that our preparations contained 
carbohydrates. Dr. Seibert states that tubercle bacillus proteins are freed of car- 
bohydrates only after repeated crystallizations. As the immime reactions of 
these proteins after purification by crystallization will be studied, some facts will 
be obtained on the role of carbohydrates. 

On the Mechanism oe Opsonin and Bacteriotropin Action-Antibodies 
IN Experimental Thberchlosis in the Rabbit. Baldwin Lucke, Morton 
McCutcheon, Max Strumia, Emily B. H. Mudd and Stuart Mudd, Phila- 
delphia, Pa. 

Abstract. Last year we reported that whenever in our experiments add-fast 
bacteria were prepared by serum for phagocytosis certain definite changes in 
the surface properties of the bacteria could be demonstrated; that, fxHthermore, 
whenever these bacterial surface changes were foimd, except under certain arti- 
ficial conditions, the bacteria were prepared correspondingly for phagocytosis. 
The bacterial surface changes correlated with the increased phagocytosis are 
increased cohesion, decreased surface electric potential difference and decreased 
wettabih’ty by oil. In the present experiments we have again found this corre- 
spondence between the surface properties and the phagocytosis of bacteria 
imder a set of conditions not hitherto tested, namely experimental tuberculosis 
in rabbits. 

In addition to the above, certain interesting findings concerning the develop- 
ment of antibodies in tuberculosis have come out of those experiments. Three 
groups of rabbits were infected with virulent tubercle bacilli. Other groups of 
rabbits had been inoculated six months earlier with o.ooi mg. of virulent human 
tubercle bacilli; the resulting tuberculosis had largely regressed, leaving only 
residual foci in the lungs and occasionally in other organs. These second groups 
of rabbits were reinfected with virulent tubercle bacilli at the same time and 
with the same dosages as the primarily infected animals. This work ’svas done 
by Dr. Max B. Lurie. The titers of the sera of both primarily infected and re- 
infected rabbits were then followed by resuspension, cataphoresis and phago- 
cytosis. 

There was found a slight and slowly developing production of antibodies in 
first infection rabbits which showed a moderate and slowly developing resis- 
tance to the infecting tubercle bacilli, and a prompt production of antibodies in 
quantity in the reinfection animals, which were highly resistant to the reinfect- 
ing organisms. This association of heightened resistance with increased capa- 
city for antibody production in reinfection animals suggests, without proving, 
however, a role of antibodies in immunity to tuberculosis. 

The development of antibodies causing bacterial surface changes and phago- 
cytosis occurred, within the experimental error, simultaneously. 



SCEENTmC PROCEEDINGS 


SIS 


Discussion 

(Dr. E. L. Opie, Philadelphia.) One phenomenon that has been brought out 
by this study is of especial interest, namely, the capacity of an animal previ- 
ously immunized to form antibodies with more rapidity on the second immuni- 
zation than on the first. As Dr. Mudd has pointed out, this has been observed 
with a number of microorganisms, first by Dr. Cole with the t3T)hoid bacillus. 
Even after the complete disappearance of antibodies, a second immunization 
would cause them to reappear more rapidly than the first immunization. This 
phenomenon suggests that protection is dependent on factors more fundamental 
than antibody formation. 

(Dr. E. R. Long, Chicago.) Am I right. Dr. Mudd, in assuming that the 
phagocytosis was carried out entirely with polymorphonuclear leucocytes? I 
wonder if it would not be possible to carry out this test with the large mononu- 
clear cells. While it is probably true that the same mechanism is concerned in 
the phagocytic activity of each cell, and also true that the pol)Tnorphonuclear 
is of more importance in tuberculosis than is generally conceded, I should think 
if the experiment could be carried out with the large mononuclear cell that it 
should be done. 

(Dr. Mudd, closing.) I can only agree with Dr. Long. Dr. Opie has brought 
.out the same point repeatedly. That is an early item on our future program. 
This study has been primarily an effort to get light on the mechanism of opsonin 
and bacteriotropin action. Immunity in tuberculosis has been a secondar}% 
rather than a primary, concern. Of course, you are quite right about the im- 
portance of studjdng phagocytosis by monocytes. 

Studies on the Mechanism of the Reaction of Anaphylaxis, Noble P. 
Sherwood, and (by invitation) Paul E. Davis and Raymond A. Schwegler, 
Lawrence, Kan. 

{Abstract not received.) 

Crossed Anaphylactic Relationship between Horse Dander and Horse 
Serum. Bret Ratner and (by invitation) H. L. Gruehl, New York City. 
Abstract. The crossed anaphylactic relationship between horse dander and horse 
serum was studied in the guinea pig. Animals were sensitized to horse serum 
and cross-shocked with horse dander extract. Other animals were sensitized 
with horse dander extract and cross-shocked with horse serum. The above 
crossed reactions were further carried out using the Schultz-Dale method. In 
other groups, animals were sensitized by the nasal inhalation of dry horse 
dander in specially constructed dust chambers. The cross-shock injection was 
with either horse serum or diphtheria antitoxin. 

The results obtained show a definite crossed relationship to exist. However, 
animals sensitized -wnth horse dander extract more readily exhibited the crossed 
relationship when shocked with horse serum than did animals sensitized with 
horse serum and shocked with horse dander extract. Animals in which respira- 
tory anaphylaxis was produced by normal inhalation of horse dander could be 
shocked with an injection of horse serum or diphtheria antitoxin. 

Discussion 

(Dr. N. P. Sherwood, Lawrence, Kan.) I should like to ask Dr. Ratner 
what amount of serum he used in the bath. I also am wondering about this six 
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minutes that he mentioned as elapsing between the time he added horse serum 
to the bath and the response. Such a time element I have never seen where I 
would call it a specific response. It might be, I presume, but I have never seen 
. a response coming on as a specific response after six minutes. 

Spontaneous contractions I have observed often in an irritable horn. If I had 
just added something before, then I would apparently have a positive reaction. 
Sometimes they come on after a considerable period. 

With regard to the dosage he adds to the bath, I think more errors are in- 
cluded in this smooth muscle work because of not determining the toxic dose, 
and not realizing that it will respond to it tremendously. For example, if you 
take ten guinea pigs to determine the non-toxic dose of antigen to be used in the 
bath, and test out the normal pigs, you will find that perhaps one of the ten 
will respond to 6 cc. and not s cc., whereas another one of the ten pigs will re- 
spond to I cc. and above. If you took as the control pig, the pig that responded 
to 6 cc. and added 2 cc., you would think you had a non-toxic dose. It is impera- 
tive in this case to rule out the toxic reactions because it is impossible to deter- 
mine by their appearance whether they are toxic or anaphylactic. 

(Dr. W. H. Welker, Chicago.) I should like to ask Dr. Ratner how he explains 
the cross-reaction. The dander protein seems to be entirely different from the 
blood protein. In one case of extreme sensitization with dog dander, we had 
occasion to study this point. The rvater-soluble protein obtained by washing 
dogs gave a marked skin reaction. When immunization was carried out, the 
simple moisture that was on the needle caused a severe reaction. We were un- 
able to get the slightest response on the part of any of the blood protems of the 
dog. Does Dr. Ratner believe that in the case of this horse dander cross-reac- 
tion enough of the serum protein has permeated through the skin so that cases 
which are extremely sensitive to the serum proteins might give this response, 
and those others that are not particularly sensitive are not sufficiently sensitive 
to respond to such an extremely small amount of blood protein? 

(Dr. Ratner, closing.) In answer to Dr. Sherwood, we used the 250 cc. in the 
bath. The question of delayed reaction, I think, is quite in order in so far as we 
get delayed reactions in anaphylaxis depending to a great extent on the solubil- 
ity of the substance used. It is possible that the common substance in our solu- 
tion had to find its way out of the complex protein combination, which may ac- 
count for the somewhat delayed reaction. 

As Dr. Lewis showed a number of years ago, when you use small amounts of 
protein combined with large amounts there is a masking of the lesser portions, 
so with our solutions there are present many more proteins than would be evi- 
denced by the common factor. 

The question of toxicity, I suppose, is a very classic question.^ We have made 
innumerable controls, and we do not use anywhere near the toric dose. One cc. 
is the amount we use, and that amount has never produced primary toxicity in 
our hands. 

In answer to Dr. Welker, the question of serum getting into the dander has 
been raised. Dr. Park particularly called my attention to that. It has been 
possible that in currying the horse, horse serum does get in. We used varying 
types of horse dander over a period of four years, getting them at various times 
of the year, and we believe if this is a factor, the same factor holds true with the 
human problem. 

^'^-,We believe, however, that there is a common substance, probably a globulin, 
for anaphylactic death was obtained with antitoxin. We used the preparation 
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obtained from the New York Department of Health which is supposed to con- 
tain only pseudoglobulins of horse serum. 

Antigenic Relationships of a Strain of Eberthella Paradysenteriae 
AND A Strain of Salmonella Morgani Isolated During an Epideshc 
OF Summer Diarrhoea. G. M. Mackenzie and (by invitation) Louise N. 
Batt, Cooperstown, N. Y. 

Abstract. During a small epidemic of dysentery characterized by blood and 
mucus in the stools, five cultures of an organism belonging to the paradysen- 
teriae group (closely related to the Flexner type) and four cultures of organ- 
isms of the B. M organi group were isolated. By fermentation reactions, agglu- 
tination and reciprocal absorptions the five paradysenteriae cultures were found 
to be antigenically identical. The four cultures of B. Morgani no. i were 
found by the same methods to represent three antigenically different varieties. 
Reciprocal absorption tests revealed an antigenic relationship between one 
strain of B. Morgani no. i and the paradysenteriae strain, and a common 
antigenic component. Cultivation of a single cell culture of the paradysenteriae 
strain in 5 per cent serum (homologous) broth with transfers every five days 
resulted in the appearance of two stable variants. One variant is inagglutinable 
in its homologous serum and in all other serums tested. The other variant agglu- 
tinates to titer in serum prepared from the mother culture and in B. Morgani 
serum, but does not agglutinate in any of the other heterologous serums avail- 
able. Reciprocal absorption tests with the second variant, its homologous 
serum, B. Morgani and its homologous serum, show a common antigenic com- 
ponent. Other modifications of the mother strain apparently permanent in the 
variant are altered appearance of the colonies, acquisition of the capacity to 
form indol and to ferment maltose and saccharose. The possible bearing of 
these results on the pathogenicity of B. Morgani and the relationship between 
B. paradysenteriae and B. Morgani are discussed. 

Cinema Demonstration of the Effect of Filtrates of Cultures of the 
Colon-Typhoid Group of Organisms on the Movement of Rabbit 
Intestines. E. E. Ecker and (by invitation) M. A. Biskind, Cleveland, O. 

Refined Anti-Poliomyelitis. Elliot R. Weyer (by invitation), William H. 
Park and Edwin J. Banzhaf, New York City. 

Abstract. Landsteiner and Levaditi discovered in 1910 that monkeys which had 
recovered from poliomyelitis had neutralizing bodies for the virus in their blood. 
Netter showed that the blood of convalescent human cases also contained them. 
Netter in 1910 claimed that the injection of convalescent serum into cases of 
poliomyelitis even as late as twenty-four hours after the development of par- 
alysis was beneficial. 

The thought that horses might be immimized so as to furnish a plentiful and 
reliable supply of potent serum occurred to several. In 1910 Flexner tried to 
immunize a horse by injecting it repeatedly with an emulsion made from the 
potent cord and brain of the monkey. He tried but one horse and with disap- 
pomting results. He states “the blood serum of a horse after many months of 
treatment had no restraining effect on the virus either in vitro or within the 
body.” In 1916 Neustaedter and Banzhaf made a new attempt to produce a 
potent horse serum. They first tried to prepare a vaccine by digesting the in- 
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fected cord and brain substance with trypsin. This was unsuccessful. They 
then changed the vaccine. A s per cent emulsion of the cord and brain sub- 
stance of monkeys was prepared and filtered through paper pulp. This material 
was injected every two days. The subcutaneous injections beginning with 50 cc. 
were increased so that the eleventh injection was 300 cc. The horse then for the 
first time seemed decidedly ill. A bleeding was taken. The horse died the next 
day. This serum had decided antivirus potency. A control monkey given 0.5 
cc. per cent emulsion of virulent brain substance died on the seventh day of 
poliomyelitis. Another monkey receiving the same dose was given twenty-four 
hours later 3 cc. of the serum intraspinally and 17 cc. intramuscularly. These 
injections were repeated on the two following days. The monkey remained well, 
A monkey in which the injections were begun forty-eight hours after the inocu- 
lation was not protected. Another monkey received an inoculation into the 
brain of a fatal dose of virus mixed with 0.6 cc. of the horse serum. This mon- 
key survived. At the time and later, this serum was used in a number of human 
cases with doubtful success. 

In 1917 Pettit, in the Pasteur Institute, reported that he had succeeded in 
developing a potent serum in sheep and, in 1919, in horses. He states that he was 
unable to estimate the potency of the serum because of lack of monkeys. The 
serum was used rather extensively in France with apparent success. Even late 
cases were thought by Stefanopoulo to be benefitted. 

Stimulated by the good reports of the use of convalescent serum in early 
human cases recently reported by Aycock and having a large amount of virulent 
monkeys’ brains on hand, we began again the extensive treatment of a horse, giv- 
ing the injections of the emulsion every few days intravenously. After four 
months of injections we allowed the horse to rest for six weeks and then took 
three full bleedings. To our surprise we found the serum of the first two bleed- 
ings to be somewhat more potent than the average human senun from conval- 
escent human cases. 

One of us, Banzhaf, took two liters of the serum and refined it in the follow- 
ing manner; To the serum he added an equal quantity of water. The diluted 
serum was saturated with sodium chloride. The resulting precipitate was fil- 
tered off. To the clear filtrate a saturated solution of ammonium sulphate was 
added up to 33 per cent to precipitate the pseudoglobulins. This precipitate 
was pressed to remove the excess of salts and then dialyzed free from the re- 
maining salts. To the dialyzate was added i per cent of sodium chloride and 
trikresol as a preservative. The globulin solution was then finally cleared by 
passing through paper pulp and Berkefelds. The 2000 cc. of the serum yielded 
350 cc. of globulin solution. Fifty cc. of this concentrated pseudoglobulin solu- 
tion was added to a quantity of distilled water as is done in refining the anti- 
pneumococcic serum with the hope of making a further purification. As will be 
seen in the figures given on the slides, the first step in refining was successful 
but not the second step. 

(Dr. A. B. Wadsworth, Albany.) I presume you have not had a chance to 
determine the length of time the serum retains its potency or whether there is 
any loss, or a lack of stability due to the concentration. Sometimes these con- 
centrated products are not quite as stable as the original sera. 

(Dr. Weyer, closing.) So far we have carried on the test on serum stored for 
only one month. In that time it apparently had lost nothing, so it seemed that 
we had a stable, refined serum as far as any serum could go. 
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The Lymphatic Tumor Registry Progress Report. G. R. Callender, 

Washington, D. C. 

Abstract. The following case of general Ijonph node enlargement terminating 
in a sarcomatous type of Hodgkin’s disease represents one of the types which is 
of especial v^ue to the study for which the registry of l>Tnphatic tumors was 
instituted by the American Association of Pathologists and Bacteriologists and 
is presented with a view to stimulating interest in that registry. 

Patient bom in August, 1889. Mother and two brothers have had tubercu- 
losis but are living. Acne vulgaris of face at age of 20 to 26 which was much 
improved hy X-ray treatment in his 26th year. In this year he noticed enlarged 
nodes in his axilla and groin. These were not tender or painful. At the age of 
31 he had an attack of acute gastro-enteritis. At the age of 32, there was noticed 
a general glandular enlargement, the largest node being in the left groin. This 
was stated to be of the size of an English walnut. This node was removed for 
examination. Spleen was not palpable at this time. Many pathologists have 
seen this node, and the majority have considered that it was not a tumor. There 
appeared to be an increase in number of the lymph nodules (follicles) which va- 
ried markedly in size, and there were moderately numerous mitotic figures. 
There were no cells of the Reed type. The ceUs of the follicles were closely 
packed, fairly uniform in size and stained deeply. The blood was reported 
norma] at this time. X-ray treatment reduced the size of the nodes. 

At the age of 35 he had a severe attack of gastro-enteritis, cause undetermined. 
At this time there was greater general glandular enlargement than at the age of 
32, and the spleen extended to the iliac crest. X-ray treatment reduced the 
nodes which did not enlarge again and decreased the size of the spleen. There 
was a severe prostration following this X-ray therapy from which he did not 
recover for several months. The nodes removed at this time are said to have 
been like those of the biopsy at the age of 32. One of them was reported to show 
tuberculosis, but this has not been verified. At the age of 37 an attack of intes- 
tinal indigestion lasted three days. At the age of 38 he was in quarters five days 
with “influenza.” 

His final illness began in June, 1928, at age of 39 years. The onset was sud- 
den Tivith temperature 103° to 104° F. There were dull aching pains in the left 
lumbar region. He was dull, and his sleep was stuporous. He partially re- 
covered from this acute phase and went on leave but was forced to return to the 
hospital because of irregular weakness in his extremities and back pain. He 
gradually failed, showing symptoms of brain and cord involvement and died in 
October, 1928. 

At necropsy the superficial nodes were not palpable. The spleen and deep 
abdominal nodes and thoracic nodes were enlarged. The histological picture 
IS that of a very cellular, invasive Hodgkin’s disease, with vascular invasion. 

During the final illness the l)Tnphocytes in the peripheral blood varied in 
number, the lowest being 22 per cent with 5650 leucocytes; the highest 61 per 
cent ivith 6300 leucocytes. 


Discussion 

(Dr. J. Ewing, New York City.) The work of the Lymphatic Tumor Regis- 
try seems to be very much needed in this country, and indeed in this Associa- 
tion. Quite variable views have been expressed by members of this Association 
regarding the diagnosis and prognosis of many cases sent to the Registry. The 
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existence of the group of l3anpho-epithelioma metastatic in the lymph nodes is 
not generally recognized, and these cases are often mistaken for l3Tnphosar- 
coma, from which they may be very difficult to distinguish. Variations in the 
structure of Hodgkin’s nodes are numerous and difficult to trace and evaluate. 
We all have to admit that our knowledge of many lesions in lymph nodes is 
quite inadequate to enable us to make a safe diagnosis and prognosis. I believe 
that a Registry of Lymphatic Tumors is more important practically than the 
Registry of Bone Sarcoma. I trust that the members of the Association will 
take the little time and trouble necessary to register all their significant cases, so 
that within a reasonable period the Registry will contain material enough to 
settle many difficult questions of diagnosis and prognosis. 

(Dr. H. G. Wells, Chicago.) In your request for material of which we have 
an early specimen concerning which there has been doubt, do I understand from 
that, that you do not care for records of cases first seen at autopsy? Or, would 
these also help your collection? 

(Dr. CaUender.) I did not say, perhaps, just what I meant. I have been ask- 
ing the members of the Association to send in all their cases. That has not been 
successful. Now I am begging them to send in those which are especially diffi- 
cult and peculiar. It won’t make so much work, and perhaps we nail get farther 
that way than by trying to get them all in. I have asked you to send all of them 
in, including the many hundreds that some of you have, as we want them all. 
So I am trying to get particularly the group of cases that offer difficulties in 
diagnosis at biopsy, which we can follow through to the end. 

(Dr. E. B. Krumbhaar, Philadelphia.) I might add that Major Callender will 
even treat very kindly, material that really does not belong in the l)Tnphatic 
registry at all. I know this because I sent him one myself, and there was no 
great harm done. So, if you are in doubt, I should say to send it along. If you 
don’t happen to remember the exact address, probably if you just send it to 
Major Callender, Washington, D. C., that would be sufficient. I hope you will 
all take some of these blanks with you, and you will see that you don’t have to 
make a very complete report in order to satisfy his requirements, although the 
more complete it is, the better. 

(Dr. A. S. Warthin, Ann Arbor.) I will say just a word. I am one of those 
who has decided views on this subject. If Dr. Callender wants a diagnosis on 
his case of sarcomatous Hodgkin’s, I -would offer it as a typical example of a 
tumor of this type. We have had many of them, and I feel there is no verygreat 
difficulty in the diagnosis. Being in this game for about thirty-five years, I have 
classed these various neoplasms on rather hard and fixed lines, trying to show 
their genetic relationship; and I have become con-vdnced that Hodgkin’s, the va- 
rious forms of sarcomatous Hodgkin’s, of reticular sarcomas of the lymph nodes, 
the various aleukemic and leukemic lymphoid tumors are genetically related 
one to another, and form a distinct class of neoplasm. 

(Dr. Callender, closing.) I think I have covered Dr. Warthin’s last statement. 
The difficulty was in the diagnosis of the case from the biopsy made in 1921. 
About seventeen pathologists have seen this node, and most of them, including 
myself, considered it a simple hjiierplasia. 

At the end there was no difficulty in diagnosing the case from the necropsy 
material. Only one man diagnosed Hodgkin’s disease on the biopsy material, 
and I cannot see even now why he did it. 
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Diagnosiic Reliability of Frozen Sections. William Carpenter MacCarty, 
Rochester, Minn. 

Abstract. Frozen sections have been used routinely in the Mayo Clinic for 
twenty-three years, during which time 208,255 surgical specimens including 
28,833 cancers have been studied and diagnosed during operations. Proof of the 
correctness of diagnosis is controlled readily by subsequent removal of the 
whole specimen and by the subsequent clinical history. All cases have been fol- 
lowed, and the efficiency of the method definitely established. In fact the fresh- 
ness of the material and the lack of artifacts such as naturally occur in post- 
mortem embedded material permit more efficient use of an oil immersion lens. 
By this means the detailed character of the cells becomes more apparent. 

In conclusion it may be said: Surgeons and other clinicians know the value of 
frozen sections, but many professors of pathology who have been depended upon 
to teach surgical pathology and furnish candidates for positions in surgical 
pathology have failed to investigate thoroughly frozen section methods. The 
surgeon, being a veiy practical man, must of necessity build up specially trained 
surgical pathologists, who will be divorced unfortimately from the field of general 
pathology. 

Pathologists, if interested at all in tissues, are missing a great opportunity 
to see cells as they are; they are failing to improve their imderstanding of their 
own subject. By their lack of clinical interest and the failure to utilize fresh 
tissues they are rapidly becoming known to be less efficient as microscopic diag- 
nosticians. 

My plea to you is that you open your eyes to a method which will startle you 
after a little practice. “I have never seen such beautiful cells” is the usual com- 
ment when properly made frozen sections are demonstrated to pathologists who 
are accustomed to see only embedded material. 

An Improved Modification of the Warthin-Starry Technique for the 
Staining of Spirocheta Pallida in Tissue Sections. A. S. Warthin, Ann 
Arbor, Mich. 

Abstract. Eight years experience with the Warthin-Starry staining method for 
the demonstration of spirocheta pallida in single sections has shown that it is 
the most rapid and most efficient method for the staining of spirochetes yet pub- 
lished in the literature. It can be used for all tissues except brain and cord. 
By its use spirochetes can be demonstrated in about 60 per cent of tissues con- 
taining histological lesions of syphilis. Nevertheless, it behaves capriciously 
with many fixations, requiring individual modifications in order to bring out the 
spirochetes present. Because of this fact, this laboratory has constantly aimed 
at the improvement of this method. With the present modification a much 
higher percentage of successful staining of poorly fixed tissues, even alcoholic 
fixation, has been obtained. It is, therefore, highly recommended for use in the 
case of aU tissues except the central nervous system, for which we advise the 
use of Dieterle’s method. 

A Comparison of Methods of Staining Spirocheta Pallida in Tissue. 

R. E. Olsen (by invitation), Ann Arbor, Mich. 

Abstract. Six different tissues, each containing the spirochetes of S3q)hilis in 
large numbers, were stained by six methods of demonstrating the organism in 
single sections. Four of the six tissues were impregnated by three block meth- 
ods. All the stains used were silver nitrate reductions. The methods used were: 
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Levaditi, Hay thorn, Jahnel, Warthin-Starry (unmodified), Warthin-Starry 
(nitric acid-starch modification), Wright, Dieterle, Gyenes and Sternberg, and 
Armuzzi and Strempel. Three of the tissues used were from congenital syphil- 
itic material, and three from acquired syphilitic cases. The results obtained 
show that while no method is absolutely dependable certain stains are better 
suited to selected tissues than others. With few exceptions, if the spirochetes 
can be demonstrated by the use of silver nitrate it will be best done by the im- 
proved Warthin-Starry method or that of Dieterle. 

Discussion 

(Dr. E. B. Krumbhaar, Philadelphia.) Dr. Warthin’s and Dr. Olsen’s papers 
are now open for discussion. 

I should like to ask Dr. Warthin if opportunity has been offered by any of 
the methods used to get an idea of how often spirochetes may be foimd in adult 
syphilitic conditions, particularly in such cases as one would customarily con- 
sider at autopsy to be syphilitic myocarditis or aortic valvulitis. 

I should also h'ke to suggest to those who perhaps are not quite so successful 
as Dr. Warthin with these methods to remember before they criticize too freely 
the sign the Germans put up in Albert during the World War, “Nicht argem, 
nur verwundem.” 

(Dr. Warthin.) Do I understand you to ask me how often we have been able 
to demonstrate spirochetes in the myocardium? 

(Dr. Krumbhaar.) What you have considered as being spirochetes in valvu- 
litis. 

(Dr. Warthin.) With the old method, about 50 per cent of the cases. With 
the new method, the percentage will be higher. We have not restained all the 
material which has been negative for spirochetes, but which shows histological 
lesions. We have recently had a heart sent to us from Atlanta, Georgia, a heart 
in advanced decomposition, alcohol fixation; and yet, with my new method, we 
were enabled to find spirochetes in the typical lesions. I consider that a very 
great victory for the method, because with my first method, I have been empha- 
sizing that the tissue must be just as fresh as possible; that you stand no chance 
at all with postmortem changes, and with alcohol fixation. With this new 
method, by freshening up the tissue with nitric acid, and using the new silver- 
starch combination, we had beautifxil staining of spirochetes in this heart. The 
new method has not been developed long enough for us to control a large niun- 
ber of hearts that have histological lesions in which we were not able to find the 
spirochetes by the old method. 

(Dr. Krumbhaar.) I imderstand that, for instance, in the ordinary aortic 
valvulitis at autopsy in syphilitic organs you expect to find spirochetes in 50 
per cent of the cases. 

(Dr. Warthin.) In about 75 to 80 per cent with this new method. It is not 
a 100 per cent perfect method. 

(Dr. S. R. Haythom, Pittsburgh.) In view of the comparatively poor shoudng 
of my method as indicated in the photomicrograph just shown, I feel called 
upon to say a few words in its defence. I think that these methods probably 
stain much better in the hands of those who work with them constantly than 
in those who use them only occasionally. In general, my method has yielded 
very satisfactory results, and I have shown some very clear photomicrographs 
of spirochetes stained black by it. I have tried Dr. Warthin’s former method, 
and I was not at all successful with it in many instances. We still use my method 
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in our laboratory, and are well satisfied with it. But I shall be very glad to try 
Dr. Warthin’s new technique in comparison, I am very sorry that it does not 
work on brain tissues, because that has been one of my big problems. 

(Dr. Olsen.) I am glad the personal element was emphasized. I think that is 
very true. However, I was careful to point out that since we had used the War- 
thin-Starry method so long we should be considered more expert in that than 
other methods. Perhaps had we used Dr. Haythom’s method as often as we 
had used the other, we would get better results. 

(Dr. Warthin, closing.) The personal element cannot be over-emphasized 
because with the Warthin-Starry method we have been able to get results in 
tissues where other people to whom we have taught the method and shown the 
method have failed absolutely to get anything. It is just an example of an in- 
dividual learning the tricks of this stain. These stains are tricky as they can be, 
because you have to vary the amoimt of nitric acid and the length of time nitric 
acid is used, just as before we had to experiment with uranium and hydrogen 
peroxide, by actually coaxing the tissue. It is largely a question of the hydro- 
gen ion concentration of the tissue. 

You are able to get results, but sometimes you can’t explain those results. 
I have had several cases of umbihcal cords showing very marked histological 
lesions, and yet with my old method we could not get a single spirochete. Just 
the little trick of soaking it in nitric acid changed the tissue reaction and made 
the spirochetes relatively more basic in the tissue so they precipitated the silver. 
With such temperamental characteristics on the part of the stain, the great dis- 
parity of results produced by different workers is not to be wondered at. I 
think the explanation of the greater number of positive results with us is simply 
that we learned the temperamental characters of the stain and experimented 
with them until we got results. 

Demonstration of Rickettsia in Scrotal Sac Exudate in European 
Typhus Guinea Pigs. Henry Pinkerton, Boston, Mass. 

Aistract. Because of Mooser’s observation of a minute intracellular diplobacil- 
lus in the scrotal sac exudate of guinea pigs reacting to Mexican typhus, at- 
tempts were made to obtain a similar picture in European typhus guinea pigs. 
These attempts were at first unsuccessful because observations on the scrotal 
sac were made at too late a stage in the course of the disease. 

Mooser’s observations in Mexican typhus were entirely confirmed. Mexican 
typhus differs from European typhus in that the scrotal reaction is much more 
severe, the incubation period more irregular (frequently as short as two to three 
days), and in the rarity of the characteristic brain lesions. 

On careful observation, a sHght transient scrotal reaction is occasionally seen 
in European typhus pigs, after intraperitoneal inoculation. If these pigs are 
killed on or just before the first day of fever, a gelatinous exudate is almost in- 
variably found in the scrotal sac. Rickettsia-like organisms, similar to and 
probably nearly or quite identical mth those described by Mooser in Mexican 
typhus, ma}^ be found in this exudate in European typhus pigs. There appears 
to be a preliminary multiplication of the virus in the scrotal sac. In the female 
pig, this multiplication takes place in the general peritoneal cavity, and the or- 
ganism may be found in a thin layer of exudate appearing on the surface of the 
spleen. The exudate in the scrotal sac and the scrotal reaction occur only after 
intraperitoneal inoculation. This separates the disease widely from Rocky 
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Mountain Spotted Fever, in which the scrotal reaction is independent of the 
route of introduction of the virus. 

Niunerous brain lesions may be found in Mexican t5T)hus if the scrotal reac- 
tion is prevented by inoculating a small amount of virus subcutaneously. In 
this way Mexican typhus may be made to resemble European typhus in every 
respect, but on subsequent passage the disease reverts to type and the scrotal 
reaction occurs. 

The reasons for regarding the organisms as Rickettsia or as the etiological 
factor in the disease are: (i) their morphological resemblance to the organisms 
seen in the lining cells of the gut of the European typhus louse; (2) their remark- 
ably weak affinity for dyes; (3) the failure to cultivate the organism; (4) the fact 
that a minute amount (o.oi cc.) of the exudate in which they are seen suffices 
to infect a normal pig; (5) the failure of both the microorganisms and the exu- 
date to appear when a typhus immune pig is substituted for a normal pig. 

Discussion 

(Dr. R. D. Lillie, Washington.) Dr. Maxcy in the Hygienic Laboratory has 
recently published our observations on a similar Rickettsia, if I may use the 
term, in the scrotal sac of the guinea pig infected with typhus from the Southern 
States of the United States, which condition varies in some particulars, both 
from European and Mexican strains. 

I have a photomicrograph showing organisms which, I think, you will con- 
sider quite similar to those that Dr. Pinkerton has just shown to us in European 
typhus and similar to those which Dr. Mooser also showed to us last year at 
Washington. 

(Dr. E. Pribram, Chicago.) I should like to know how you removed the 
cedar oil. 

(Dr. Pinkerton, closing.) Simply wash the cedar oil off with xylol and re- 
stain as before. 

Symmetrical Osteoporosis of the Cranium. Herbert U. Williams, Buffalo, 

N. Y. 

Abstract. This condition is confined to the outer surface of the skull, chiefly of 
the parietal and frontal bones. The sutures are usually avoided. The outer 
table may be altogether wanting or perforated with holes up to 2 mm. in diame- 
ter. The cancellous bone is level with the surface or may protrude a little. The 
surface appears like pumice stone or fine sponge. It was described first by 
Adachi under the name of cribra parietalia. It is not related to cribra cranii, a 
somewhat similar condition of the inner surface of the skull. It may be related 
to cribra orbitalia which affects the orbital plate. Symmetrical osteoporosis 
may also occur on the occipital, less often on the temporals and sphenoids, very 
rarely on the face. There are very few reports as to the rest of the skeleton; such 
information as we have indicates that the long bones were rarely affected. The 
histological changes in sections made from the parietal bones of two cases con- 
sisted of diploe with large spaces for the marrow that opened widely on the sur- 
face; in one of them osteophytic growths of similar character protruded above 
the surface. Sections of ribs, from two other cases, where osteoporosis of the 
skuU was well marked, showed the spaces of the cancellous bone to be unusually 
large but the outer surface was not affected and the ends of the ribs did not 
appear like those of rickets. All of these were in young Italian children; the soft 
parts were missing. Apparently an early acute stage might be followed by heal- 
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ing, leaving the skull permanently altered. A few cases have been seen in In- 
donesians. It occurred among the ancient Egyptians, but I am unable to deter- 
mine how frequently. Todd informs me that he has seen it once in six himdred 
modem Negro skulls. If it occurs in the modem white race it must be very rare, 
which explains why the condition is little known among general pathologists. 
It was frequent among the ancient Indians of Pemj Yucatan, New Mexico and 
Arizona. That region is also the area in which the cultivation of Indian com or 
maize was most highly developed by the Indians before the arrival of white men, 
and Indian corn is said to be lacking in vitamin C and probably in vitamin D. 
It has occurred to me that the occiput of the Indian baby commonly rested on 
a head board, and that may have produced a congestion of the top of the skull 
by impeding the outflow from the veins of the occipital region. Symmetrical 
osteoporosis may be allied to rickets. However the changes that we usually 
consider characteristic of rickets have not thus far been reported in cases of S 3 Tn- 
metrical osteoporosis. Such information as we have indicates that rickets was 
a rare disease among ancient and primitive peoples. Autopsies on modern In- 
dians might well throw light on the nature and causation of symmetrical osteo- 
porosis. The two X-ray plates that I have seen made from dried skulls shoving 
this condition give striking pictures that might aid in the diagnosis of living 
cases. The X-ray shows radiating lines like bristles at the level of the outer 
table that are evidently produced by the new growths of bone in that situation. 
(Later note: I have recently learned that similar X-ray pictures have been seen 
a few times in certain anemias of children.) 

Discussion 

(Dr. A. S. Warthin, Ann Arbor.) I should like to ask Dr. Williams what cri- 
teria he uses for diagnosis that these bone changes are pathological and how he 
woifld differentiate them from acid soil erosions or from ant lesions. 

(Dr. Percival Bailey, Chicago.) In the Peabody Museum at Harvard Uni- 
versity, there is a large collection of such skulls from the abandoned Maya 
towns in Yucatan, and Dr. Sosman of the Brigham Hospital has made excellent 
radiographs of several of them. 

(Dr. I. P. Lyon, Buffalo.) I should like to ask Dr. Williams if he noticed this 
condition among the flathead Indians, where pressure had been conspicuously 
applied to the skuUs? 

(Dr. D. P. Seecof, Denver.) I recall an autopsy on a white man from New 
Mexico who died of generalized lymphosarcomatosis. The X-ray pictures of 
the skull and the gross appearance of the calvarium, if the soft tissues had been 
removed, would be identical with those shown by Dr. Williams. I shall be glad 
to send the skuU to Dr. Williams. Of course it is a single case, and may have 
little to do with the cases he reported, but the striking similarity of the gross 
and microscopic pictures made me bring up the subject of sarcoma. 

Intracranial Chordoblastoma. Percival Bailey, Chicago, 111. 

Abstract. Discussion of the origin, structure, and symptomatology of intra- 
cranial chordoblastoma, with the report of two cases, one verified at necropsy, 
and the other at operation. 

Traumatic Porencephaly. R. H. Jaffe, Chicago, 111. 

Abstract. The pathogenesis of porencephaly is still a matter of discxission and 
though numerous cases have been reported a few of the publications only deal 
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with the microscopic anatomy of this condition. The traumatic theory seems 
to be the most satisfactorj’- one, and additional proof is yielded by the study of 
the brain of a woman aged 22 years, who since her earliest childhood had been 
suffering from epileptic fits. A large cystic defect was found in the left occipital 
lobe communicating with the lateral ventricle and covered by a thin membrane. 
This membrane was not simply formed by the leptomeningi as has been sug- 
gested in several similar cases but was composed of glia tissue with nerve fibers. 
Myelin sheaths could not be detected. A striking feature was the presence of 
many dark brown intracellular pigment granules, most of which were found to 
be composed of hemosiderin. By inquiry, it was learned from the relatives that 
the patient immediately after birth was dropped to the floor. The accident was 
followed by unconsciousness that lasted for several hours. The epileptic at- 
tacks started right afterwards. 

Discussion 

(Dr. E. R. LeCoimt, Chicago.) I should like to recall to Dr. Jaffe’s attention, 
that warty papillary overgrowths of neuroglia with an arrangement of the cells 
suggesting rosettes were in the tissue lining the defect in one of the porencephalic 
brains studied by Dr. Semerak {Arch. Neurol. &* Psychiat., 1925, xiv, 365-383). 

The Pars Intermedia of Hypophysis in Man and in Anthropoid Apes. 
Alfred P. Plaut, New York City. 

Abstract. The hypophysis cerebri usually is believed to consist of three por- 
tions, namely the anterior glandular part, the pars intermedia, and the pos- 
terior nervous part. The discussion on the functions of the three different lobes 
is far from being closed. The activity of extracts prepared from the different 
lobes has been foremost among the arguments. The intermediate lobe has been 
held to be a “metabolism gland,” its disorders leading to Froelich’s disease. 
In 1922 the author pointed to the smallness and morphological insignificance of 
the pars intermedia in the adult human being, asserting that an organ which 
looks so rudimentary and is so variable in normal individuals can hardly have 
an important function. In the same year it was found that in a chimpanzee the 
pars intermedia was as rudimentary as in man, while the few descriptions of the 
hypophysis in monkeys show a pars intermedia similar to that of other mam- 
mals. In a complete series of the hjq)ophysis of an orangoutang the pars in- 
termedia is found even more rudimentary. 

Pending investigations on other apes, monkeys and lemurs it can be stated 
that the hypophysis of man and apes differs essentially from that of other mam- 
mals, notably of our laboratory animals. An active principle, found in the pars 
intermedia of some mammal, probably is not present in the hiunan being. 
Since the hypophysis plays an important r 61 e in growth, development and 
maintenance of body proportions, and in sex life this peculiarity of the hypo- 
physis, common to man and apes, may claim anthropological and zoological 
interest in addition to its importance in endocrinology. 

Sarcoma of the Flexor Muscles of the Left Leg. Edwin F. Hirsch, Chi- 
cago, m. 

Abstract. A malignant tumor arising in the flexor muscles of the left leg pro- 
duced extensive metastases in the lungs and lymph glands. A groin lymph 
gland removed several months before death contained long spindle-shaped cells 
with cross-striations. In the extensive secondary growths obtained for study by 
the postmortem examination there were cells of primitive or abortive muscle 
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structure with acidophilic cytoplasm, with an ectoplasm resembling a sarco- 
lemma, with one or more vesicular nuclei, and with concentric fibrils having 
alternating light and dark bands or with protoplasmic prolongations having 
longitudinal fibrils and cross-striations like the light and dark bands of skeletal 
muscle. The cells in many of the metastases contained large quantities of gly- 
cogen. 

The complete report will be published in the Archives of Pathology. 

Reconstruction Studies on Blood Vessels of the Spleen. Ward J. Mac- 

Neal, New York City. 

Abstract. Human spleen, perfused and fixed in the distended state has been 
used to prepare serial sections at a thickness of 5 microns. Drawings at a mag- 
nification of twenty diameters have been made on paper, and the drawing of 
every tenth section transferred to a wax plate i mm. thick for preparation of a 
model shoving the general relations of the larger blood vessels and the follicles. 

A second series of dramngs at a magnification of 200 diameters has been made, 
and the drawings of every section transferred to i mm. wax plates for prepara- 
tion of a model of the arterial vessels of a single lobule. 

The models are not finished. However the work has progressed far enough to 
show that the splenic lobule can be clearly defined by the distribution of the ar- 
terial vessels, which are, in general, terminal for each lobule. Arterial communi- 
cation at the periphery of the lobule is extremely rare, having been observed 
only twice, so far, in our preparations. 

Pathology of Sickle Cell Anemia. Bernard Steinberg, Toledo, 0 . 

{Abstract not received.) 

Abnormal Heart: Aorta from Right Ventricle, Absence of Pulmonary 

Artery, Defective Septum: Death on the Eleventh Day. Milo K. 

Miller (by invitation), and M. W. Lyon, Jr., South Bend, Ind. 

Abstract. Report of congenital malformation of the heart. Complete absence 
of pulmonary artery, the aorta arising from the right ventricle, and the left ven- 
tricle communicating with the right by a circular opening beneath the right 
posterior cusp of the aorta. Limgs supplied by two relatively large bronchial 
arteries from the descending aorta. Heart enormously hypertrophied, espe- 
cially the right side. Pressure on esophagus by heart interfering with nutrition. 
Constant slight cyanosis with severe exacerbations increasing in progress on 
twelfth day, resulting in death. Hypertrophy of heart, especially of right side, 
shown by roentgen-ray examination. 

Discussion 

(Dr. Lyon.) There was no vessel at all leaving the left ventricle. The ven- 
tricle itself was really hypertrophied. It had to force the blood out against the 
contraction of the right ventricle at the same time, it was h)q)ertrophied; but 
not so much as the right ventricle. The left auricle had four openings into it for 
the pulmonary veins. 

(Dr. B. Halpert, Chicago.) I should like to ask whether the pulmonary ar- 
tery or the veins connecting showed any anomaly at this time. 

(Dr. Lyon.) The pulmonary artery was lacking, but the pulmonary veins 
seemed to be perfect as far as I could see. The specimen was taken out rather 
hurriedly, and some of the finer details were missed. 
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(Dr. E. B. ICrumbliaar, Philadelphia.) I am sorry that Dr. Maude Abbott is 
on her way to Europe so that she cannot participate in tins discussion. May I 
ask tlie condition of the left ventricle? Of course, there was much atrophy. 
Was there no sign of even a rudimentary vessel leaving? 

Persistent Right Aortic Arch in Adhlts — Two Types. Aaron Arkin, 
Chicago, 111 . 

Abstract. A new form of aortic anomaly is presented. It consists of a total per- 
sistence of the right aortic arch, together with a persistence of the left aortic 
arcli in the form of the left subclavian artery, a short obliterated vessel and a 
diverticulum of the aorta. The patient presented a characteristic X-ray picture 
due to the position of the arch of the right-sided aorta behind the' trachea and 
esophagus. The diagnosis was confirmed at autopsy. The heart was normal. 
A new X-ray picture is thus established and confirmed postmortem. Three 
other cases have been seen by the writer. The anomaly is of great embiyologic 
and clinical interest. 

A second type of persistence of the right aortic arch is also reported. Here 
the aorta rides the right bronchus, the arch remains on the right side, with the 
left descending aortic root behind the esophagus. 

Periarteritis Nodosa — Histologic Changes in Early and End-Stage. 
Aaron Arkin, Chicago, 111 . 

Abstract. Periarteritis nodosa is a specific infectious disease probably due to a 
filterable virus, with an elective affinity for the arteries of the body. The organs 
most commonly involved are the kidneys, liver, heart, muscles, peripheral 
nerves, and gastro-intestinal tract. 

In one acute case the writer has found as the earliest changes, periarteriolar 
hemorrhages due to hemorrhage per diapedesin. In other small arterioles edema 
with a fibrinous exudation occurred, even before leucocytic infiltration. 

In another case, of a patient who had only one acute febrile attack four years 
before death occurred, only the histologically healed end-stage was found. 
Cardiac and renal insufficiency were the cause of death. At autopsy hepar lo- 
batum, high grade coronary stenosis, contracted kidneys and myomalacia scars 
were found. The arterial changes were quite remarkable, with intima prolifera- 
tion, extensive arterial wall destruction with aneurysms and thrombosis, peri- 
arterial granulation tissue mantles, infarction in various organs. No acute in- 
flammatory arterial changes were found in any of the organs. 

Discussion 

(Dr. A. B. Wadsworth, Albany.) I am interested in the lesions that have 
been described and wonder whether or not there is any information regarding 
the bacterial etiology of the arterial changes that have developed from this con- 
dition, which appears to be an inflammatory process. These lesions resemble the 
lesions we And in immunized horses, especially those dying after, or killed dur- 
ing, immunization with the pneumococcus. Without detailed analysis, these 
pictures are quite similar, not only the hemorrhages of the early lesion of the 
practically normal vessel but also the obliterating processes in the later stages. 

It might be of interest to compare these two inflammatory processes. I de- 
scribed some of the lesions in the Jozirnal of Medical Research (/ . Med. Res., 
1918-19, xxxix, 279), but not ivith particular attention to the arterial changes, 
although they are shown in some of the illustrations. 
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(Dr. E. R. LeCount, Chicago.) Perhaps Dr. Arkin is aware that an example 
of periarteritis nodosa that was quite well healed was recently found in the 
County Hospital here. 

With regard to the little hemorrhages or partial zone of hemorrhage about 
one of the vessels in the brain, I should like to suggest simply for the thinking of 
all of us here that possibly such hemorrhages are caused by handling the brain 
after death. They are frequently foimd without any tissue reaction at all about 
them. 

(Dr. E. B. Krumbhaar, Philadelphia.) Eighteen months ago I happened to 
be in Professor Boycott’s laboratory in London while he was doing an autopsy 
on a somewhat similar case. I recall in it many of the symptoms that Dr. Arkin 
described: a septic type of fever, hematuria, I think, pains in the limbs, and 
then symmetrical gangrene of the feet, and death. It was noticed that some of 
the arteries were diffusely thickened. 

When I passed through London on my return several months later. Dr. Boy- 
cott had slides which showed a very distinct acute inflammatorj' process involv- 
ing the various coats, somewhat resembling this, but without any nodosities. 
There, apparently, had been no ruptured hemorrhage, no healed aneurysm. It 
is probable at least that that also belonged to this type and that we must think 
of periarteritis nodosa as a disease that may be much more than a periarteritis 
and often not nodose. 

Dr. Arkin is probably also aware of an infectious type of this disease that is 
supposed to occur in horses, which perhaps would be some answer to Dr. Wads- 
worth’s query. 

(Dr. Arkin, closing.) In answer to the question about hypertension, I want 
to say that in five cases I have seen, hypertension has been present only in those 
cases where very marked renal changes were shown. There may be a nephritis, 
or only extensive infarction, or both. In cases where there were no marked renal 
changes, there was, as a rule, no hypertension. In fact, the blood pressure was 
low. 

In answer to the question about changes similar to these in animals, I want to 
emphasize that these changes were limited strictly to the arteries. There were 
no changes in the veins. The disease has been found in lower animals. It has 
been described in the calf, swine, dog, deer. It sometimes occurs in epidemic 
form. The histological changes resemble those in man. 

I am glad Dr. LeCount called attention to the possibility of traiima as the 
case of periarteriolar hemorrhages. I simply showed it because it was found in 
the same organs where the other changes were present. Whether or not these 
are due to periarteritis nodosa, I can’t state definitely. The brain was removed 
as carefully as possible. 

The healed case is striking because the changes were all healed. In the cases 
of periarteritis nodosa that have been reported, inflammatory changes were 
also present. But to find a case such as this which was completely healed his- 
tologically, is a rare thing and I have not seen it before. 

The Involvement oe Medium-Sized Arteries in Syphilitic Aortitis. Otto 
Saphir, Cleveland, O. 

Abstract. Among 50 cases of s)q)hilitic aortitis, the innominate artery showed 
syphilitic changes in 33, the carotid in 29, the superior mesenteric in 10, the in- 
ferior mesenteric in 3, the common iliac in 10, and the femoral artery in 7 cases. 
The subclavian artery was examined in 29 cases, 15 of which showed syphilis. 
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The S5rphilitic lesions were characterized by endarteritis of the vasa vasorum, 
and perivascular infiltration of lymphocytes in the adventitia. The media of 
the elastic t5rpe of arteries showed an interruption of the continuity of the elastic 
fibers and fibrotic areas combined with circumscribed lymphocytic infiltrations. 
The media of the muscular type of arteries only rarely showed changes. 

In the intima, circumscribed button-like areas of fibrosis, without degenera- 
tive changes, were found very frequently. These are not specific but are chronic 
inflammatory in nature and might be associated with any type of pathological 
lesion in the adventitia. 

Discussion 

(Dr. B. J. Clawson, Minneapolis.) I should like to ask Dr. Saphir if he has 
had any experience with a coronary artery. I have examined coronary arteries 
in many cases of syphilitic aortitis and have not been able to find syphilitic le- 
sions in them. 

(Dr. A. Plant, New York City.) What stain do you use? The orcein stain? 

(Dr. Saphir, closing.) I have examined the coronary arteries in about 2$ 
cases and I have never seen definite changes in the coronary artery directly at- 
tributable to syphilis. Spirochetes have never been seen in the aorta or in the 
vessels of the branches of the aorta. 

The stains we use have been important. Warthin’s stains and our stains, I 
think, have been instrumental in our success. The sections are placed in an al- 
coholic solution and then in the incubator for two hours; we then differentiate 
them with a 0.5 per cent solution of hydrochloric acid. 

Studies on the Pathogenesis of Infectious Endocarditis. K. Semsroth 
and Robert Koch (by invitation), Pittsburgh, Pa. 

Abstract, i. In paratyphoid or staphylococcus infected guinea pigs, hypersensi- 
tive to horse serum, there developed a nodular mononuclear endocardial pro- 
liferation with regularity, while non-sensitized controls only occasionally 
showed such reaction. Desensitization before infection practically prevents the 
reaction. Desensitization after the infection does not alter the result. 

2. An allergic state was induced in rabbits by repeated intravenous casein 
injections. A hyperergic skin reaction was obtained after five to eight casein 
injections. 

Subsequent infection with staphylococcus aureus led to a definite endocar- 
ditis in six out of eight animals. 

Attempts to Reproduce Rheumatic Disease in Animals. Louis Gross, Leo 
Loewe, and (by invitation) Benjamin Eliasoph, New York City. 

Abstract. One himdred and two animals representing seven species were in- 
jected over a period of from one week to one year with twenty-one strains of 
streptococcus gamma, most of which were obtained from blood cultures of 
rheiunatic disease cases. There was also injected a number of materials such 
as whole blood, serum, plasma, pericardial fluid, hydrocele fluid, filtrates of 
subcutaneous nodifles, tonsils, lymph nodes, nasopharyngeal washings, etc. 
The majority of the material was obtained from cases where autopsy, biopsy 
(subcutaneous nodules), electrocardiograms, roentgenograms, and clinical find- 
ings made the diagnosis of rheumatic disease beyond question. Injections were 
made through a variety of routes, such as intracardially, intravenously, into the 
tonsils, nasopharyngeal mucous membrane, lungs, joints, peritoneal cavity, 
etc. In order to lower the resistance of the animals, a variety of procedures was 
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adopted, viz., injections with Tr3T)an blue, poisoning heart muscle with Digi- 
tan, subcutaneous injection of infected agar mass, thrombosis of superficial 
veins with subsequent infection of thrombus, etc. A number of lesions, includ- 
ing inflammatory myocardial foci, vegetative endocarditis, pericarditis and 
arthritis, were found. Criteria are discussed whose fulfillment are necessary in 
order to establish the experimental reproduction of rheumatic disease. Accord- 
ing to these criteria, we have failed to reproduce the disease in animals. 

Discussion 

(Dr. B. J. Clawson, Minneapolis.) I should like to know what is meant by 
the typical Aschoff nodule. 

(Dr. Gross.) Before I answer Dr. Clawson’s question, I should like to take a 
moment or two in order to elaborate on several of the points which Dr. Loewe 
brought out. 

I want to make it clear that we are not attempting to criticize caustically the 
past work in this field. Indeed, when we commenced our investigations several 
years ago, we were very hopeful of reproducing this disease by means of strep- 
tococci. However, in the light of our experience we must conclude that we have 
not reproduced rheumatic fever, nor do we believe that other workers have had 
any greater measure of success. On the other hand, we do not desire to leave 
the impression that we dogmatically deny the possibility that the streptococcus 
may he the etiological agent. 

There are at present, broadly considered, three avenues of approach in the 
investigation of this disease: the bacteriological, the immimological and the 
anatomical. The bacteriological method has concerned itself with attempts to 
obtain organisms from rheumatic fever patients, principally from the blood, 
and to show by their relative frequency of occurrence, as well as by their sero- 
logical identity, that they are responsible for the disease. Thus for example, 
Dr. Clawson found that seven of his ten streptococcus viridans strains fall into 
one serological group, and Dr. Kreidler fmmd that 107 strains of his strepto- 
coccus and cardioarthritidis strains also fall into one group. I believe, however, 
that neither of these investigators carried out absorption tests to prove that 
they were not dealing with group agglutination. It seems that, as a whole, the 
bacteriological methods have led to no definite conclusions. 

As examples of the immunological approach, one can briefly cite the work of 
Birkhaug on skin reactions, also the work of Dr. Swift and his collaborators. 
Dr. Birkhaug’s work is very interesting, but it seems to me that all that we can 
conclude from his results is the fact that rheumatic fever patients show a 
marked skin susceptibility to certain streptococcus products. Dr. Swift and his 
co-workers have shown ^at the reactions in the tissues may depend on their 
immimological state. Attempts to interpret these interesting observations in 
terms of rheumatic fever, however, bring up many diflQculties, not the least of 
which is the infrequent coincidental occurrence in the same heart of both sub- 
acute bacterial endocarditis and acute rheumatic disease, as evidenced by the 
presence of Aschoff bodies. 

The therapeutic approach which properly falls under the immunological 
group presents obvious diflaculties, for here one must eliminate non-specific pro- 
tein effects and one must have clear-cut statistics on a large scale. An interest- 
ing example of the conflicting views presented by such work appears in the re- 
port of the Bath Conference on rheumatism, where Dr. Small presented his 
therapeutic results following the use of streptococcus cardioarthritidis serum 
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and vaccine, and Bertrand claimed even better results with his Achlame bacil- 
lus vaccine. 

There is, therefore, left, as Dr. Loewe stated, the anatomical approach. He 
has shown you why our results lead us to the conclusion that the disease has not 
as yet been reproduced. 

In answer to Dr. Clawson's question, I must say that, at any rate in our labo- 
ratory, we have the feeling that if there is any doubt in our minds as to whether 
a certain collection of cells is or is not an Aschoff body, we are not justified in 
calling it an Aschoff body. How much more critical, therefore, must we be in 
the case of experimental animals? Here the burden of the proof is obviously up 
to the experimenter. 

(Dr. Clawson, closing.) I should like to correct Dr. Gross about my making 
claim to the specificity of the group of streptococci. I think if he refers to my 
paper he wiU find that I emphasized the fact that the streptococci isolated from 
patients with acute rheumatic fever did not represent a specific group. They 
were not a specific strain. 

A Comparison op Rheumatic and Experimentai, Streptococcic Inpeam- 
MATIONS. Benjamin J. Clawson, Minneapolis, Minn. 

Abstract. Rheumatic inflammation may exist as nodules or as irregular groups 
of large mononuclear and multinucleated cells, lymphocytes, plasma cells, eosin- 
ophils and a varying number of polymorphonuclear leucocytes. 

The rheumatic nodule, called the Aschoff body when seen in the myocardium, 
is a small, fairly well localized area of inflammation, mostly polyblastic in char- 
acter, but at times chiefly or entirely exudative. It varies greatly in size and 
shape. It may coiisist of but a few cells or be large enough to be seen with the 
naked eye. It may take the form of a rosette or become more or less fan-shaped 
or fusiform. The inflammation may extend out irregularly into the interstitial 
tissues and at times become so extensive as to form a diffuse myocarditis. 

In a relatively high percentage of rabbits injected in the left ventricular cav- 
ity with agglutinated streptococci, nodular inflammatory areas, with a cellular 
reaction similar to that found in the human Aschoff bodies, may be produced in 
the myocardium. 

The subcutaneous rheumatic nodule has a cellular reaction similar to that 
found in the Aschoff nodules in the heart. By injecting streptococci in small 
amoimts into the subcutaneous tissues of rabbits, lesions can be produced which 
are morphologically similar to the nodules found in the subcutaneous tissues or 
the myocardium in cases of acute rheumatic fever. 

The arterial lesions in cases of acute rheumatic fever consist of a swelling of 
the endotheh'um which becomes basophilic and may be raised from the base- 
ment membrane by a coagulated exudate. There is cellular necrosis in all parts 
of the vessel wall. Exterior to the necrotic wall there is a cellular exudate, many 
cells of which are polymorphonuclear leucocytes showing various stages of ne- 
crosis. In this area there are also plasma cells, and mononuclear and multinu- 
cleated cells similar to those found in rheumatic inflammation in other parts of 
the body. 

Similar lesions may be produced in monkeys and rabbits by injecting strep- 
tococci intravenously and subcutaneously. 

The similarity of the inflammatory reaction commonly found in cases of acute 
rheumatic fever to the reaction produced experimentally by injecting strepto- 
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cocci further suggests a causal relation between the streptococci and rheu- 
matic fever. 

Discussion 

(Dr. K. Semsroth, Pittsburgh.) I should like to emphasize what Dr. Bell has 
said. While from a clinical and bacteriological standpoint it may be possible to 
differentiate between various forms of endocarditis, such a clear differentiation 
is not possible on the basis of the morphological picture of the heart lesions. 
“Rheumatic” myocardial nodules have been observed more than once in cases 
of non-rheumatic heart lesions. In our experience, intravenous treatment of 
rabbits with casein and subsequent staphylococcus infection was sometimes 
followed by the development of large mononuclear subepicardial nodules which 
looked much like several of the pictures which Dr. Clawson has shown. 

(Dr. E. T. BeU, Minneapolis.) I should like to raise a question for those who 
think that rheumatic endocarditis and bacterial endocarditis are two distinct 
diseases. If you define rheumatic endocarditis anatomically as firm vegetations 
without thrombi and bacterial endocarditis as vegetations with thrombosis, 
you will find that half the cases of endocarditis are of mixed type, since both 
types of vegetations are present. Rheumatic vegetations are found in half the 
cases of clinical bacterial endocarditis. Are we going to argue that over half of 
the cases of rheiunatic fever are merely complicated by streptococcus infection? 

You will also find that the clinician will change his diagnosis after he watches 
the case a while. If the patient gets well it is rheiunatic endocarditis. If he 
dies, it is bacterial endocarditis. 

(Dr. L. Gross, New York City.) I should like to ask Dr. Clawson whether, 
if he were presented ivith slides from a human rheumatic heart and he did not 
know that the sections were from human material, he would under any circum- 
stances be willing to commit himself as to whether the lesion is one of rheumatic 
fever, and, if so, what picture he has in mind when he so commits himself. Fur- 
thermore, how would he differentiate the Aschoff body from the type of multi- 
nucleated and large mononuclear collections frequently found in the rabbit’s 
myocardium. 

I should like to ask Dr. Clawson whether he has attempted to reproduce sub- 
cutaneous nodules by means of organisms other than streptococci. 

Just one word about Dr. Bell’s question. I was not quite clear as to whether 
Dr. Bell meant to indicate that he has foimd typical fresh rheumatic verrucae 
side by side with typical bacterial vegetations in so large a proportion of cases. 
I don’t mean of course the typical healed verrucae which obviously represent 
previous rheumatism. I must say that our experience has been entirely differ- 
ent in this respect. We have fovmd typical fresh rheumatic verrucae and Aschoff 
bodies coexistent with the typical subacute bacterial endocarditis, but this has 
been a very infrequent observation. 

(Dr. Clawson, closing.) In regard to the question if a slide were placed before 
me from the heart of a human endocarditis as to whether I would select it as 
that of a human, I should say no. I do not think these nodules are specific for 
rheumatic infection. They are more common in rheumatic infection than in 
subacute bacterial endocarditis. 

I am glad Dr. Gross brought that out because I was going to refer to the arti- 
cle describing a case of meningococcic endocarditis in which there were nodules 
which Dr. Rhoads and Dr. Mallory passed as Aschoff nodules. 

Theodore Farr has long stressed the fact that he has found the Aschoff nodule 
in myocardium in cases of scarlet fever. Dr. Warthin has pointed out the simi- 
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larity between syphilitic infections and this type of infection. In going over the 
various cases of syphilitic aortitis in 8 per cent I found in the myocardium 
near to the aortic ring, nodules which I would call Aschoff nodules. 

In relation to the definition of Aschoff nodules, I would say: they are local- 
ized polyblastic areas of inflammation, but at times there is exudation to the 
extent of being almost an abscess, and I think we can find all stages from what 
is^ called the typical Aschoff nodule right down through to the abscess. Aschoff 
himself emphasized the fact that polymorphonuclear leucocytes were conspicu- 
ous in some of these nodules. 

I want to emphasize the question of both lesions occurring in the same heart. 
We have had cases checked clinically where the clinician was not certain whether 
he had an acute rheumatic endocarditis or a bacterial endocarditis. Dr. Bell 
said it occurs in one-half of the cases. That is very conservative. I think m our 
paper we say three-fourths of the cases of subacute bacterial endocarditis show 
both types of lesions. 

Skin Reactions among Rheumatics to Streptococcal Products. Konrad 

E. Birkhaug (by invitation), Rochester, N. Y. 

Abstract. During May to September, 1928, a series of 594 persons, among whom 
were 118 active and inactive cases of rheumatic fever, were studied for skin 
h}T)ersensitiveness to streptococcal products. These cases were scattered in 
clinics in London and Birmingham (England), Bergen (Norway), Copenhagen 
(Denmark) and Hamburg (Germany). Altogether 3114 skin tests were made 
with one or several comparable concentrations of filtrates, autolysates and vac- 
cines of hemolytic, viridans and indifferent streptococci, isolated from rheu- 
matic fever sources. A marked universal hypersensitiveness was found to exist 
among active and inactive cases of rheumatic fever, carditis, or chorea, to fil- 
trates, autolysates and vaccines produced by the viridans and indifferent strep- 
tococci, and moderately to the autolysates of the hemolytic streptococcus. In- 
active cases of rheumatic infection react less to the non-hemolytic streptococcal 
products than active cases of rheumatic fever, carditis, or chorea. Filtrate 
boiled for four hours produces exaggerated skin lesions in active cases of rheu- 
matic fever almost as frequently as the unheated filtrate, while reactions with 
the boiled filtrate are almost nil in inactive rheumatic infection. Salicylates ex- 
ert no effect upon the capacity of skin to react hyperergicaUy with the strep- 
tococcal products in active or inactive rheumatic infection. More than 70 per 
cent of rheumatic fever, carditis or chorea react positively to the non-hemolytic 
streptococcal products, while about 25 per cent of non-rheumatics give positive 
reactions. Cases of chronic infectious arthritides react to the viridans and in- 
different streptococcal products in almost the same proportion as inactive cases 
of acute rheumatic infection, while degenerative chronic types of arthritides be- 
have like non-rheumatic controls. It appears that a common allergenic factor 
is present excessively in the viridans and indifferent streptococcic cells and mod- 
erately in the hemolytic streptococcus, which reacts universally when injected 
intradermaUy in persons stigmatized bj' rheumatic fever. No evidence is avail- 
able of a strictly specific allergenic agent. No parallel reactions occur in rheu- 
matic infections with the Dick or Schick tests. 

Discussion 

(Dr. R. R. Mellon, Pittsburgh.) I should like to ask Dr. Birkhaug whether 
any of these patients have been tested out with organisms other than strepto- 



SCIENTIFIC PROCEEDINGS 


535 


cocci. I ask this question for two reasons: First, because I have had occasion 
from time to time to observe positive skin tests of rheumatics with certain other 
organisms to which they appeared to be abnormally sensitive, and partly be- 
cause we were impressed with this non-specific or allergic factor in my work 
with Drs. Koch and Semsroth, particularly as evidenced by the non-specific 
action of casein in our experimental cardiac localizations. 

(Dr. Birkhaug, closing.) It was desirable to perform a great many more skin 
tests on these children and adults with heterogenous bacterial substances. But 
to perform nine skin tests, particularly on a child, is a pretty gruesome ordeal, 
especially when done in the out-patient clinic. That is the sole reason for con- 
fining these studies to the three varieties of streptococci. Further studies, how- 
ever, are contemplated wherein products of other organisms will be employed. 


Does Splenectomy Influence the Leucopenla. induced by Certain 

Foreign Substances? Isolde T. Zeckwer, Philadelphia, Pa. 

Abstract. Doan, Zerfas, Warren, and Ames (/. Exper. Med., 1928, xlvii, 403) 
have recently reported interesting experiments in which they foimd that sodium 
nucleinate injected intravenously in normal rabbits resulted in a marked leuco- 
penia in the peripheral blood, which lasted for a number of hours, when it was 
succeeded by a leucocytosis. They believe that during the peripheral leuco- 
penia, the leucocytes have collected exclusively in the spleen, as indicated by 
leucocyte counts made on the blood from the viscera, and by their finding that 
after splenectomy, sodium nucleinate resulted in no period of leucopenia, and 
that leucocytosis then began within a period of time one-half to one-sixth of 
that required in animals in which the spleen was intact. 

It seemed of importance to determine whether these findings of the effect of 
splenectomy are of vmiversal application to the reaction to foreign substances in 
general or apply only to the reaction to the specific substance sodium nuclein- 
ate. If the spleen has such a function of storing and then discharging leucocytes, 
it would be of as great significance as the mobilization of red cells by the spleen 
from its reserve, in conditions of great need, as demonstrated by Barcroft. 

To determine this point, B. coli vaccine was injected intravenously into rab- 
bits, and leucocyte counts were made on the ear blood at frequent intervals af- 
ter injection. The leucocytes fell abruptly and remained at a low level for sev- 
eral hours. The curves thus obtained were compared with curves obtained after 
vaccine in the same animals at different times after splenectomy. It was found 
that splenectomy had no effect on the degree of leucopenia, or on the time of rise 
of leucocytes after the leucopenic period. 

These results necessitated a reinvestigation of the effects of splenectomy on 
the leucocyte changes following the injection of sodium nucleinate. Doan and 
his associates used sodium nucleinate in doses of i gm. per rabbit. When this 
dosage was used in the present experiments, the animals showed marked circu- 
latory depression. It was found that a much smaller dose, o.i gm. per rabbit, 
was just as effective in producing leucopenia and resulted in no obvious vascu- 
lar changes, so that the animals could be bled readily, and this dosage was well 
tolerated, so that injections could be repeated frequently for comparison. It 
was found that in every animal used, splenectomy did not prevent the occur- 
rence of a marked leucopenia, in doses of o.i, 0.5, and i gm. The time of rise in 
leucocytes varied greatly on different occasions in the same animal before 
splenectomy, and there was no evidence that splenectomy resulted in a more 
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rapid return rise of the leucocytes than the same animals had shown before 
splenectomy. 

Blood pressure tracings were made in several animals. With i gm. doses the 
blood pressure fell to a low level on injection of sodium nudeinate, and this low 
level was maintained for a long time. With o.i gm. doses there was a transient 
fall^ in blood pressure, but a rapid return to normal, and the leucopenia was 
maintained while the blood pressure remained at the normal level. 

It is concluded that the leucopenia following injections of sodium nucleinate, 
or bacterial vaccines, is not of splenic origin, and that there is no evidence in 
these experiments that the spleen exerts any regulatory function over the dis- 
tribution of leucocytes within the body. 

Effect of Repeated Exposure to High Temperature on the Leucocyte 
Count in Mice. 0 . R. Caillet (by invitation) and J. P. Simonds, Chicago, 
111 . 

Abstract. Murphy and Sturm showed that a definite leucocyte curve could be 
produced by subjecting mice, on a single occasion, to diy heat. Nakahara, in 
the same series of animals, demonstrated changes in the lymphoid tissue which 
he considered definitely associated with the blood picture produced by the dry 
heating. It has been the object of this study to observe the effect upon the 
blood and 13'mphoid tissue of repeatedly submitting mice to dry heat in the 
manner described by the workers cited above. Groups of mice were heated for 
five minutes at a temperature of 60° C at intervals of ten days over a period of 
two hundred and ten days. During the first fifty days there was a marked fall 
in the white cell count after each heating, accompanied by cellular necrosis in 
the spleen and followed by the appearance of many mitotic figures in the ger- 
minal centers, and a rapid rise in the white cells in the blood stream. During 
this initial period there was a stair-step rise in the white ceils principally lymph- 
ocytes up to 25,000 per cmm. During the remainder of the period of heating 
there was a gradual fall to and below the normal leucocyte count. The fluctua- 
tion following each heating was very small. Sections of the spleen at this time 
showed a marked fibrosis with loss of germinal centers. 

Discussion 

(Dr. W. J. MacNeal, New York City.) The paper is before you for discus- 
sion. 

I should like to ask whether there were any observations upon the internal 
temperature of the mice immediately following the exposure to heat. 

(Dr. Caillet.) In our observations we did not notice the internal temperature. 
However, Murphy noticed an internal temperature rise of about one to two or 
three degrees centigrade immediately following the heating. 

(Dr. MacNeal.) Maximum about 40” to 42°? 

(Dr. Caillet, closing.) Not so much, I should say. 

Coagulability of the Blood during Mechanical Obstruction of the 
Hepatic Veins. W. W. Brandes (by invitation) and J. P . Simonds, Chi- 
cago, m. 

Abstract. The changes that occur after constriction of the hepatic veins by a 
method previously described by us are: (i) a precipitate fall in arterial blood 
pressure; (2) a decrease followed by a slower increase in blood concentration; 

(3) a decrease in sugar content of the blood; and (4) a decrease in coagulation 
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time. After release of the constriction of the hepatic veins the blood pressure 
rises sharply, a temporary h}T)erglycemia is produced and the coagulation time 
is increased. During the constriction the liver shows marked congestion, and 
pressure in the portal vein is increased. 

Various studies have been attempted in an endeavor to explain the decrease 
in coagulation time, but as yet no definite conclusions have been reached. Since 
a normal dog may show variations in coagulation time, it is difficult to interpret 
the results obtained. That this decrease in coagulation time after constriction 
is not due to the anesthetic and trauma is, we believe, showm by the fact that it 
occurred also in dogs which had been kept imder ether anesthesia and subjected 
to trauma for varying periods of time before the hepatic veins were constricted. 
The average coagulation time in fifteen dogs before constriction was three min- 
utes, while within five minutes after constricting the hepatic veins it was one 
minute fifteen seconds. 

Changes in platelet counts are not sufficiently marked to accoimt for the 
change in coagulation. There seems to be a general tendency to a slight de- 
crease throughout the experiment, but there is no such decrease as occurs in pep- 
tone shock. 

Fibrinogen determinations were not constant. But there appears to be a 
slight tendency to a decrease in fibrinogen during constriction of the hepatic 
veins. 

Blood calcium shows but little variation during the period of constriction. 
In these experiments the hydrogen ion content of the plasma showed a moderate 
increase. 

From the above it is difficult to explain the cause of the change in blood coagu- 
lability. Shutting the liver out of the circulation may prevent heparin from en- 
tering the circulation. Also in course of the changes in the concentration of the 
circulating blood, constituents which hasten coagulation may enter the circula- 
tion with the tissue fluids. After hemorrhage we know that the coagulability of 
the blood increases. Furthermore dilution of the blood may be a factor in this 
decrease of coagulation time. 

Discussion 

(Dr. Simonds.) There is one thing that might be added to what Dr. Brandes 
has said. It is very well known that in peptone shock there is a marked reduc- 
tion in number, and sometimes an almost complete disappearance, of blood 
platelets from the peripheral blood. A considerable number of coimts of blood 
platelets during constriction of the hepatic veins showed that the variations 
were entirely ^vithin the possibility of error by the method used. 

The Effect of Unilateral Nephrectomy on the Total Number of Func- 
tioning Glomeruli in the Rabbit. Robert A. Moore and Gregor3'^ F. 
Lukianoff (by invitation), Cleveland, 0 . 

Abslracl. Using the method of Hayman and Starr, the total number of open 
glomeruli in the kidney of the rabbit has been determined by an intravital in- 
jection of Janus Green B. The normal number of open glomeruli was foimd to 
vary from 44 to 75 per cent, vdth an average of 63 per cent. For one to ten days 
foUoudng unilateral nephrectomy, the total number of open glomeruli was found 
to vary from 90 to 100 per cent. Control animals subjected to a sham opera- 
tion failed to show any variation from the normal. We believe that the imme- 
diate compensation for the loss of one kidney is accomplished by this increase 
in the number of open glomeruli. 
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Discussion 

(Dr. E. T. Bell, ^linneapoHs.) I should like to ask Dr. Moore 'what percent- 
age of tile total capillar}' circulation is in use in a normal resting kidney. In his 
fstimation he showed about 63 P^r cent on the average of the glomeruli in ac- 
tion but only parts of many glomeruli were open. 

^ (Dr. ^loore, closing.) To answer Dr. Bell’s question would involve the ques- 
tion of the intraglomerular circulation. I have no quantitative studies, but it is 
my impression that approximately one-third of tiie capillar}' beds of the 63 per 
cent of open glomeruli are in circulation. The other two-thirds are out if we 
judge by this method of staining. 

The Production or Allergic Inflammation in the Kidneys. Opal E. Hep- 
ler (by in^'itation) and J. P. Simonds, Chicago, 111. 

Abstract. A local reaction similar to the Arthus phenomenon has been produced 
in the mucosa of the stomach (Schapiro and Iv}') and in the lungs (Friedberger 
and Opie) of animals previously sensitized to the protein injected. We have 
studied the local reaction in the kidneys of sensitized rabbits following the injec- 
tion of egg albumin and horse serum directly into the left kidney. From one to 
eight intrarenal injections were given under aseptic precautions at five-day inter- 
vals, •w'itii and without a preliminar}' series of subcutaneous injections. The ani- 
mals were killed from twenty-four hours to one month after tiie last injection. It 
was foimd that the injection usually produced local hemorrhage, ii^hen tiie 
antigen was injected into the cortex of the kidney, necrosis involving especially 
the tubular epithelium, but also, to a less extent, the glomeruli and connective 
tissue, occurred. This was accompanied by more or less edema and leucocytic 
infiltration of tiie area of necrosis. Inasmuch as these clianges did not follow a 
single injection of foreign protein into the kidney of a non-sensitized animal, 
we believe that the changes described were due to the action of the antigen upon 
the locally sensitized renal tissues. 

Discussion 

(Dr. E. R. Long, Chicago.) This is of great interest to me in connection with 
results that I reported before tius Society last year. I found that in tuberculous 
animals, when the specific product to which they were sensitive (tuberculin pro- 
tein) was introduced in the kidney, distinct changes took place. Those were of 
more definitely inflammator}' character tlian tiiese which have just been re- 
ported. In only one instance was tliere a cliange wliich was rather similar to 
those just described. This was in an animal prei'iously normal which was sim- 
ply injected with a tubercuh'n protein. On reinjection with tiie same material 
two weeks later, a considerable amount of necrosis occurred, which I inter- 
preted as an Arthus’ phenomenon. The necrosis seemed to me to be all out of 
proportion to any vascular damage that could be seen in the sections. This, I 
tiiink, is quite in harmony witii what you have reported. Yesterday, _Dr. Lewis 
and Dr. Seibert reported experiments on this same protein, indicating that it 
elicits antibodv production. 

Pr. E. Ecker, Cleveland.) I should like to ask Dr. Hepler what reactions 
occurred when she introduced the needle alone into a kidney. 

Pr. Hepler, closing.) We injected four rabbits in all and checked them im- 
mediatelv, one-half hour, one hour and two hours after we injected them. All 
we obseri'ed was a hemorrhage, no necrosis. 
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The Finer Structural Changes in the Glomerxhj in Glomerulone- 
phritis. Leone McGregor (by invitation), Minneapolis, Minn. 

Abstract. A histological study of the changes in the glomeruli in glomerulo- 
nephritis has been made using Mallory’s aniline blue (Heidenhain azo-carmine 
modification). This stain brings out the glomerular basement membrane dis- 
tinctly, thus separating the endothelial from the epithelial cells. 

The changes observed in the earliest stages of glomerulonephritis were as 
follows: (i) a marked accumulation of mononuclear and a few polymorpho- 
nuclear leucocytes within the capillary loops; (2) the appearance of delicate 
blue-staining hyaline fibers between the leucocytes; (3) a slight increase in 
endothelial cells; (4) a proliferation and often a degeneration of the glomerular 
epithelimn; (5) a proliferation of the capsular epithelium with crescent forma- 
tion; (6) the presence of hyaline blue-staining fibers between these capsular 
epithelial cells. 

In later stages of the disease the intracapillary hyaline fibers form a definite 
meshwork enclosing the leucocytes and a few endothelial cells. The meshwork 
becomes more dense until the lumen of the capillary is almost filled with a mass 
of hyalin containing some cells. The blood circulation continues between the 
basement membrane of the loop and the periphery of the hyaline mass. Finally 
the mass completely occludes the capillary. Adjacent loops fuse with one an- 
other and with the capsule to produce a hyaline glomerulus. 

This process is typical of all cases which are clinically glomerulonephritis. 

Preliminary studies on hypertension kidneys show a different glomerular le- 
sion consisting of an irregular thickening of the basement membrane. Intracap- 
illary hyaline fiber formation is seen only in those hypertensives who have died 
of uremia and then in only a few glomeruli. 

Examination of amyloid kidneys has confirmed Ohmori’s observation that 
the amyloid is deposited inside the glomerular basement membrane. 

Discussion 

(Dr. E. T. Bell, Minneapolis.) I would like to say that these lantern slides 
do not show as well as the drawings. The lantern slides were made from col- 
ored drawings, and the membrane does not come out as well as it should. This 
is really an excellent stain for studying the finer changes in glomeruli. 

The basement membrane is brought out sharply and with the aniline blue 
stain you are able to tell what is inside and what is outside of the capillary. 

The hyah'ne fibers which Dr. McGregor has not been able to identify chemi- 
cally seem to be typical of glomerulonephritis. 

Lipoid Nephrosis. E. T. Bell, Minneapolis, Minn. 

Abstract. A survey of recent literature shows a tendency to use “lipoid ne- 
phrosis” in a broad way to include all cases of nephritis with edema, albumin- 
una, normal blood pressure and normal blood nitrogen. This clinical definition 
includes many cases that are anatomically acute or mild chronic glomerulone- 
phritis. 

All the clinical phenomena of lipoid nephrosis, vis., albuminuria, edema, nor- 
mal blood pressure, hypercholesterolemia, decrease of the plasma proteins WTth 
reversal of the albiunin-globulin ratio and normal blood nitrogen, may occur 
usually in a less pronoimced form in glomerulonephritis. 

There are many transition cases between lipoid nephrosis and glomerulone- 
phritis, viz., those that fit the definition of lipoid nephrosis except for the pres- 
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ence of hypertension or moderate nitrogen retention. These are caUed the 
mixed type or nephritis with a nephrotic Einschlag. From the chmcal stand- 
point the two diseases cannot be sharply separated. 

A histological study has been made of ten cases of large, fatty kidneys, with- 
out tubular atrophy, that were clinically nephritis. Four of these are classed as 
pure lipoid nephrosis, three as nephritis with nephrotic Einschlag (mixed type) 
and three as of uncertain type because of lack of clinical data. 

The glomeruli are not normal in any instance, but the lesions are not of uni- 
form type. 

In pure lipoid nephrosis there is an uneven thickening of the basement mem- 
brane of the glomerular capillaries, and there may be many mononuclear leuco- 
cytes in some of them. 

In the mixed type (nephritis \vith nephrotic Einschlag) there is a marked 
thickening of the basement membrane. In one instance the capillaries were 
compressed by enlarged epithelial cells. In two instances there were many leu- 
cocytes in the capillaries, and a few areas in the glomeruli showed the changes 
characteristic of typical clinical glomerulonephritis, i. e., capillaries filled ivitti 
leucocytes and a network of hyaline fibers. 

Three large non-contracted kidneys were studied in which the data were in- 
sufficient to determine whether they should be classed as lipoid nephrosis. Two 
of these showed extreme thickening of the basement membrane. The third 
showed an enormous accumulation of fat in the tubules and glomeruli, large 
glomerular epithelial cells with hyaline and fatty degeneration, and leucocytes 
and hyaline fibers within the capillaries as in glomerulonephritis. 

Lipoid nephrosis is to be regarded as a form of glomerulonephritis in which 
the glomeruli are damaged but their capillaries are only partially obstructed so 
that they continue to fimction and tubular atrophy does not occur. 

Discussion 

(Dr. E. R. Long, Chicago.) It is quite astonishing what changes can be 
brought out by the staining methods of Drs. McGregor and Bell. Many of 
those glomeruli appear to be normal xmtil subjected to the special new stain. 

I should like to ask if they have any idea of the age of those lesions character- 
ized by the thickening of the basement membrane shown by this technique. 

(Dr. W. J. MacNeal, New York City.) I should like to ask Dr. Bell whether 
in his cases of lipoid nephrosis he has examined the other organs, as, for exam- 
ple the liver, for lipoid-containing cells; whether perhaps we may not be dealing 
with a much more widespread process than that merely involving the kidney. 

(Dr. H. G. Wells, Chicago.) I should like to add for a little expression of sat- 
isfaction that I have been looking all my life for pure, chronic lipoid nephrosis 
in the adult. At autopsy I have had a number of cases in which the clinical pic- 
ture was absolutely classical and the gross picture was absolutely classical of 
chronic lipoid nephrosis, and then, to my horror, I found typical glomerular 
changes of subacute or chronic glomerulonephritis. 

(Dr. Bell, closing.) I do not know the significance of the hypercholesterol- 
emia. We have no knowledge concerning that at all. 

I think lipoid nephrosis is a renal disease because it shows many transitions 
to glomerulonephritis. Hypercholesterolemia is often pronounced in typical 
cases of glomerulonephritis. 

There is a widespread opinion that lipoid nephrosis is a metabolic disorder. 
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but all the symptoms and laboratory findings characteristic of lipoid nephrosis 
may be found in glomerulonephritis, which is surely a renal disease. 

In reply to Dr. Long’s question, the case that showed the most striking hya- 
line changes in the basement membrane was of fifteen years duration. The 
patient had had edema for fifteen years. There never was renal insufficiency 
nor cardiac hypertrophy. 

We have no accurate information concerning the duration of the other cases. 
The best case we had was of four weeks duration. 

I have not studied the changes in the other organs as extensively as I shoiild 
in order to reply fully to Dr. MacNeal. In the cases which I have studied I did 
not see any fatty changes in the spleen or in the liver, and there is no similarity 
to Niemann’s disease. 

Calctfication of the Kjdneys in Bismuth Poisoning. C. V. Weller, Ann 
Arbor, Mich. 

Abstract. In bismuth poisoning in man, calcification of the damaged renal tu- 
bular epithelium is found, comparable to that described for experimental bis- 
muth nephritis in lower animals. The chief deposits of lime salts are in the 
straight tubules of the medullary rays and in that portion of the ascending limb 
of Henle which returns to pass near the glomerulus of origin. While bearing a 
general resemblance to the lesions produced by mercuric salts, there are minor 
differences which, if they are found to be constant upon further observation, 
may assist in differentiating the two conditions. 

Pathological Effects Following Excess of Isradiated Ergosterol. 
Harry Goldblatt, and (by invitation) A. T. Shohl, Cleveland, 0 . 

{Abstract not received^ 

Multinucleate Cells in the Seminiferous Tubules of the Testis. 
David P. Seecof, Denver, Colo. 

Abstract. Multinucleated or so-called “giant” cells were present in practical!}' 
every seminiferous tubule of the testes of a man 42 years of age dying of septi- 
cemia three days after the onset of an acute sore throat. The “giant” cells 
were formed chiefly from spermatids by a process of fusion. A few similar 
“giant” cells and others resulting from a fusion of spermatocytes and spermato- 
gonia were foimd in the testes of some individuals of aU ages dying of various 
acute and chronic diseases. A specific etiological factor for the lesion could not 
be determined. The findings were in accord with those of previous writers on 
the subject as regards the occurrence and pathogenesis of this lesion, and a brief 
summary of the literature is given. 

Cystitis Emphysematosa; Report of Cases m Men. Ralph G. Mills, 
Rochester, Minn. 

Abstract. Cystitis emphysematosa, judging from the literature, is a rare condi- 
tion, having been reported only eleven times by six observers. A similar condi- 
tion has been seen in animals, and in these also has been confined to the female 
sex.^ The discussions have been intermingled with reports of colpohyperplasia 
cysUca, and with pnenmatoides cystica mtestinorum in a very confusing man- 
ner. Studies involving the histology as well as bacteriology and chemical 
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examination of the gas content of the vesicles have been made on all three condi- 
tions and applied indiscriminately to the others. Opinions have varied as to 
whether cystitis emphysematosa is a postmortem invasion by some gas-form- 
ing organism, or whether it really exists during life. There are no reports indi- 
cating intra vitam diagnosis. 

This study is part of a series of articles discussing various phases of the sub- 
ject, and attempting to establish this condition on an independent basis, free 
from inference or comparison with the others mentioned. It disposes of the pre- 
sumed sex-selective nature of the lesion, and tends to show that it develops 
during life. It indicates that a real cystitis is a part of the process, and that the 
vesicles are not cysts in the strict sense, being devoid of a true lining of epithe- 
lial or endothelial cells, or their derivatives. The designation “cystitis emphy- 
sematosa” apparently conveys the correct interpretation. 

Discussion 

(Dr. Hueper, Chicago.) I reported one case several years ago; I think that 
the etiology of this condition can be clarified only by a thorough analysis of all 
cases observed. Unfortunately, this is not always possible and was not done in 
my own case as I received the tissue from the physiological department of 
Loyola University. I attempted to reproduce this condition in male rabbits by 
blocking the perivesicular lymphatics by injection of liquefied paraffin, followed 
by a caustic destruction of the bladder mucosa with a concentrated silver ni- 
trate solution and subsequent injection of a bouillon culture of various strains 
of B. coU. The rabbits received moreover intravenous injections of a lo per 
cent glucose solution. But the result was negative. 

Some Swedish authors could reproduce the intestinal emphysematosis by the 
injection of gram negative bacteria cultured from the lesions of human ma- 
terial. I believe that the cystitis emphysematosa is also due to a bacterial in- 
fection and that cultures made from the lesion will help to establish the etiology. 


Intranuclear Inclusions in Yellow Fever. E. V. Cowdry and S. F. 

Kitchen (by invitation), St. Louis, Mo. 

Aislract. Intranuclear inclusions like those described by Torres in the liver 
cells of monkeys infected with the Brazilian virus of yellow fever were likewise 
found in fifteen monkeys inoculated with the African virus of the disease. They 
were also observed, though less abundantly, in human cases both from the 
Americas and from Africa. Moreover, the character of the intranuclear inclu- 
sions is such as to lead us to classify the virus of yellow fever with other filter- 
able viruses which produce distinctive nuclear inclusions. 

Discussion 

(Dr. E. B. Krumbhaar, Philadelphia.) Dr. Cowdry’s paper is open for dis- 
cussion. 

I should like to ask Dr. Cowdry if he would venture any statement as to his 
ideas on the production of these inclusions in yellow fever and in this group of 
conditions. 

(Dr. Cowdry, closing.) I do not wish to commit myself, but we have no rea- 
son to suppose that the inclusions are anything other than a degeneration, what 
is called an oxychromatic degeneration. We have looked for materials in the 
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nucleus which should not be there, which might be conceived to come from 
without, but we have not foimd them. We have tested the microchemistry of 
the inclusions as far as we can go, and have found that they do not contain any 
detectable amount of massed iron as revealed by the MacCaUum-Bensley 
method. Neither do they contain thymonucleic acid. I think I have nothing 
further to add. It is just a case of a peculiar change in the nucleus which we 
have associated with cases of yellow fever from these various sources and which 
we have not been able to observe in lesions in any other disease. 
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{From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 

Introduction 

The object of this paper is to review the literature and to present 
some new facts regarding the histology of the normal human renal 
glomerulus. 

I. Review oe Literature 

Bowman'' s Capsule: In 1688 Malpighi discovered the renal glo- 
merulus by means of injections through the renal artery. He con- 
sidered it a gland which might possibly give origin to the uriniferous 
tubule. Schumlansky, 1782, suggested in a diagram some connec- 
tion between glomeruli and tubules. Littre, 1705, and Johannes 
MiUler, 1830, were the first to describe the capsule. Huschke, 1828, 
and Muller believed the capsule to be closed except where the vessels 
entered. Bowman, 1842, proved the union of tubule and glomerulus 
by a method of successive injection of saturated solutions of potas- 
sium bichromate and lead acetate. In both human and animal 
kidneys the precipitate which formed in the vessels often burst 
through the glomerular tuft and passed down the tubule. He de- 
scribed the capsule as consisting of an external tunic of transparent 
homogeneous tissue lined by epithelium. These epithelial cells were 
non-ciliated, flat and continuous with those of the convoluted tu- 
bules. These findings were confirmed in 1845 by Bidder who also 
noted the continuity of the capsular and tubular basement mem- 

* Read before The American Association of Pathologists and Bacteriologists, Chi- 
cago, HI., March 29, 1929. 
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branes. Roth, 1864, and His, 1865, were the first to demonstrate 
cell boundaries with silver preparations. Ludwig, 1872, described 
the capsule as consisting of “st. mosaic of cells closely resembling 
those composing the wall of the blood and lymphatic capillaries with 
a little connective tissue around the outer surface.” Drasch, 1877, 
saw that the nuclei of adjacent cells lay side by side in eccentric 
positions. Herring, 1900, after a comprehensive review of the em- 
bryology of the kidney, concluded that the cavity of Bowman’s 
capsule should be regarded as a body cavity, especially differentiated 
for urinary secretion. 

Mall, 1896, showed the capsular basement membrane to be com- 
posed of longitudinally and circularly disposed reticular fibrils, which 
when very dense and compressed, gave a homogeneous appearance. 
They anastomosed with the fibrils of adjacent tubules. In spite of 
these facts, von Ebner in 1902 described the membrane as structure- 
less and glassy. In 1902 Mall was able to show that there were two 
basal membranes, an inner one homogeneous and structureless, ap- 
plied to the bases of the epithelial cells, and an outer one interlacing 
and fibrillar. The latter was part of the reticular stroma of the 
kidney. Ruble, 1897, Russakoff, 1908, and Corner, 1920, confirmed 
Mall on these points. Comer believed the fibrillar membrana pro- 
pria to be produced by the endotheliiim of adjacent capillaries, 
von Frisch, 1915, although agreeing that the tubules have a double 
basement membrane, definitely stated that the capsular membrana 
propria is a structureless glassy skin. Schaffer, 1927, concluded 
that the membrane must be considered as a cuticular excretion of 
the epithelial cells. 

Glomerular Endothelium: The history of the cytology of the glo- 
memlar tuft begins with Bowman, 1842. He described the vascular 
loops as Ipng naked within the lumen of the capsule, held together 
only by their mutual interlacement. “The Malpighian capillary 
system stands alone among similar structures in being bare.” Among 
his supporters were Johnson, 1850, Frerichs, 1851, and Henle, 1873. 
Henle stated: “The vessels in the glomerulus have the calibre of 
capillaries. Their framework is a structureless wall possessing ellip- 
tical nuclei.” Many attempts were made to find cell boundaries 
between these capillary nuclei. Chrzonszczewsky, 1864, Ludwig, 
1872, Drasch, 1877, Ribbert, 1879, Hortoles, 1881, and Buday, 1906, 
after numerous silver injections, were imsuccessful although they 
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could easily demonstrate boundaries between the endothelial cells 
of the vas afferens and vas efferens. Langhans, 1879, described the 
endothelial layer as having very few nuclei. Ehaschoflf, 1883, found 
that these nuclei were more conspicuous in rabbits than in other 
animals. In 1886, Nussbaum demonstrated cell boimdaries in the 
endothelium of the frog’s glomeruli. These cells projected into the 
lumen and were very distinct in cross-section, von Moellendorff, 
1927, described the endothelium of the human glomerulus as a fine 
layer with a few nuclei and visible cytoplasm only where such nuclei 
lay. He could not find cell boundaries. 

Glomerular Epithelium: The epithelial covering of the glomerular 
tuft was first described by Gerlach in 1845 ^.nd 1848. By injections 
through the ureter he was able to show that the vascular loops were 
separated from the capsular space by cells which he believed were 
the essential elements of a gland. These cells formed a layer over 
the tips and crevices of the glomerulus. Bidder, 1845, suggested but 
could not prove conclusively the presence of glomerular epithelium. 
Carus, 1850, von Wittich, 1851, Koelliker, 1854, McDonnell, 1855, 
Chrzonszczewsky, 1864, Duncan, 1867, and Toldt, 1874, all sup- 
ported Gerlach. In 1857 Isaacs injected glomeruli by way of the 
ureter and tubules until the capsules ruptured. With a dissecting 
microscope he examined through the hole in the capsule the epithe- 
lial covering of the loops. His illustrations showed how much larger 
these cells were than those lining Bowman’s capsule. Moleschott, 
1862, measured the glomerular and capsular epithelial cells and 
found the diameters to average o.oi and 0.006 mm., respectively. 
Steudener, 1864, saw a fine covering over the glomerular loops but 
could not recognize it as epithelium. Schweigger-Seidel, 1865, and 
Seng, 1871, observed the presence of epitheliiun over the tips of 
the loops in the embryo. Ludwig, 1872, saw that the walls of the 
capillaries were separated from the capsular contents by “a layer 
of not very weU defined cells with spherical nuclei.” He was not 
sure that these were continuous from lobule to lobule. R. Heiden- 
hain, 1874, injected the renal arteries of cats, birds, rats, field mice, 
rabbits, guinea pigs, sheep, pigs and cows, and foimd the epithelial 
cells forming a continuous layer over and between the loops. His 
work was confirmed by the findings of Frey, 1875, Langhans, 1879, 
Ribbert, 1879, and Nauwerck, 1884. Ribbert stated that the nu- 
merous nuclei observed in a normal glomerulus were for the most 
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part epithelial. Drasch, i877> ^.nd von Ebner, 1902, believed this 
epithelium was in the form of a syncytium. Ziegler, 1879, preferred 
to consider it as endothelium comparable to the hning of the serous 
cavities. Nussbaum, 1886, clearly distinguished the large glomerular 
epithelium from the smaller endothehum. He believed the epithelial 
cells were often multinucleated and that amitosis occurred in them. 
He recognized the continuity of glomerular and capsular epithelium. 
Hansemann, 1887, with Isaac’s technique isolated the glomerular 
epithelium and described the cells as flat, often multinucleated, and 
taller than those lining the capsule. He pointed out the more rapid 
postmortem digestion of the epithelial than of the endothelial cells. 
In 1900, Herring’s review of the development of the glomerulus ex- 
plained completely the position and derivation of glomerular epi- 
thelimn. In a 1909 Harvey lecture, Huber stated that the columnar 
glomerular epithelium of the embryo became pavement epithelium 
in the adult. Mertz, 1918, in a quantitative study of the cells in the 
average 10 micron section of a human glomerulus, was unable to 
find sufficient morphological difference between endotheliiim and 
epithelium to count them separately. Lohlein, 1910, Gross, 1919, 
Fahr, 1925, Munk, 1925, and Elwyn, 1926, all described glomerular 
epithelium and its pathological changes. Gross preferred to think 
of it as a S)mcytium rather than true epithelium. Fahr stated that 
glomerular epithelium was so closely related to tubular that it woxfld 
seem to be secretory. Zimmerman, 1911, 1915 and 1923, demon- 
strated boundaries between these cells in cats and hedgehogs, but 
preferred to caU them pericytes, von MoeUendorff, 1927, described 
the “deck” cells or glomerular epithelium as morphologically similar 
to the adventitial cells or pericytes of the capillary bed. He believed 
these cells have long, branching, anastomosing processes which form 
a network over the glomerular loops. He ascribed to their mesen- 
chymal origin, their ability to take the form of adventitial cells and 
to transform into free round cells in pathological conditions. Vim- 
trup, 1928, adhered to the older conception of an epithelial covering 
closely applied to the surface of each capillary loop. Volterra, 1928, 
described these cells as perithelial but did not see any processes on 
them. He concluded that the cell branches described by von Moel- 
lendorff belonged to the glomerular basement membrane and were 
a part of the connective tissue adventitia of the capillary tuft. 
Bargmann, 1929, studied the glomeruli of many species and believed 
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with von Moellendorff that the branching processes belonged to the 
“deck” cells. 

Glomerular Basement Membrane: The possibility of a membrana 
propria in the glomerular loops was evidently considered by Bowman 
and rejected for he wrote: “The capsular basement membrane is 
perforated by the afferent and efferent vessels and is certainly not re- 
flected over them.” Seng, 1871, saw and illustrated the presence 
and continuity of the glomerular and capsular basal membranes. 
Toldt, 1874, confirmed this finding in both embryonic and adult 
hiunan glomeruh. Drasch, 1877, after injection of silver nitrate into 
the glomerular vessels, saw a formation which depended on a porous 
condition in a membrane. Langhans’ illustrations, 1879, show a 
basement membrane which he described as a very fine doubly-con- 
toured border. Nussbaum, 1886, after studying the embryology of 
the malpighian body, searched unsuccessfully for a glomerular mem- 
brane and concluded that the wall of a glomerulus had only two 
layers, endothelial and epithelial. Mall, 1896, after boiling kidney 
tissue in water, digested frozen sections with pancreatin and found 
a homogeneous striped membrane still present in the glomerular 
loops. Rtihle, 1897, injected a rabbit’s kidney with alcohol and was 
able to see an indistinct membrane in the glomerular loops. Fibers 
from the capsular basement membrane passed into the glomenflar 
membrane. During digestion with pancreatin the epithelial and 
endothelial cells disappeared leaving a regularly striped fibrous mem- 
brane showing munerous fine pores. This confirmed the work of 
Drasch. Regaud and Policard, 1903, studying the kidneys of ophi- 
dians stained with alvun hematoxylin, demonstrated a thin homo- 
geneous membrane separating the endothelium from the synctyial 
epiglomerular layer. Hueter, 1908, stained the glomerular basement 
membrane with Ribbert’s connective tissue stain. Gross, 1919, 
found that the membrane took a gray or brown color with Heiden- 
hain’s iron hematoxylin. Ohmori, 1921, obtained a very clear differ- 
entiation of the membrane with a rein blau-picric acid dye. Hung, 
1922, was able to stain it distinctly if the tissue were boiled before 
fixation and later put through hematoxylin-eosin, Weigert’s elastic 
tissue stain or Mallory’s anilin blue. Krauspe, 1922, using Biels- 
chowsky’s method found the glomerular wall to consist of homo- 
geneous gray or black membrane lined inside by endotheliiun and 
outside by epithelium. He saw the transition into Bowman’s base- 
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ment membrane but could not detect the fine streaking mentioned 
by Riihle. Schaffer, 1927, noted the presence of the glomerular 
membrane but did not consider its structure to be fibrillar, von 
MoeUendorff, 1927, demonstrated a homogeneous membrane with 
Heidenhain’s azan-carmine and with his own eosin-methylene blue. 
Volterra, 1928, described the membrane as a continuous, argyrophil, 
net-like, reticular adventitia resting on endothelium but not formed 
by it and adherent to the pericytes. The processes which von Moel- 
lendorff assigned to the “deck” cells were, according to Volterra, 
the connective tissue fibrils of the membrane. Bargmann, 1929, de- 
scribed the glomerular membrane as a deep black or brown granular 
line when impregnated with silver. 

Glomerular Connective Tissue: Key, in 1865, described star-shaped 
cells which he considered connective tissue between the glomerular 
loops. Ludwig, 1872, stated that the capillaries of the tuft had an 
investment of connective tissue. Klebs, 1863, and 1889, thought 
there were small numbers of such cells in all glomeruli. Toldt, 1874, 
saw central cells in the crevices of the tuft which were different from 
the epithelial cells. However, as the glomerulus developed and be- 
came spherical these connective tissue elements were no longer visi- 
ble. In 1880, Waller confirmed Key’s finding. In normal cat glo- 
meruli he distinguished epithelium from “connective tissue cor- 
puscles” which were situated between the lobes and stained with 
logwood after carmine and gelatin injections. He studied the glo- 
meruli as a whole under a dissecting microscope and considered 
these cells to have a special affinity for vegetable coloring matter. 
Greenfield, 1880, also believed there were connective tissue cells 
within the glomerular tuft and Ribbert, 1879, described their nuclei 
as being small, spindle-shaped, and more intensely stained with 
carmine than the larger round finely granular epithelial nuclei. Op- 
posing this view were Drasch, 1877, Langhans, 1885, Nauwerck 
1886, Nussbaum, 1886, Hansemann, 1887, Orth, 1893, Mertz, 1918, 
and von MoeUendorff, 1927. Nussbaum concluded that the con- 
nective tissue which he expected to find, in consideration of the 
embryological development, must have been resorbed. Herring, 
1900, MaUory, 1914, and Vimtrup, 1928, have stated that some 
connective tissue persists around the hilum probably continuing into 
the glomerulus to bind the capiUaries together. 

With regard to the presence of reticulum within the tuft, John- 
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ston, 1899, believed these fibrils in Bowman’s capsule were not re- 
flected over the glomerulus. As the afferent vessel pierced the cap- 
sule, fibrils arose which penetrated the glomerulus, passing in all 
directions between its capillaries. These became less and less nu- 
merous as the periphery was approached. Lima, 1920, using the 
method of Achucarro-del Rio-Hortega, saw an occasional adventitial 
sheath in the glomerular capillaries. Corner, 1920, decided that the 
endothehum of the glomerular tuft was never provided with a retic- 
ulum. Krauspe, 1922, employing the Bielschowsky-Maresch tech- 
nique, after a study of 150 human kidneys, could not find gitterfasern 
in the glomerular capillaries. Foot, 1925, decided that no reticulum 
was seen in the human renal tuft under ordinary circumstances, 
Allen, 1927, using silver impregnation concluded that occasional 
glomeruh showed reticulum fibrils in the tuft, usually near the 
pedicle. A few fibers radiated peripherally with no constant rela- 
tion to reticulum cells or capillary endothelium. Bargmann, 1929, 
saw an argyrophil network deep in the capillary wall but he could 
not say to what it belonged. 

Shape and Size of Glomerulus: Vimtrup, 1928, described the hu- 
man malpighian body as oval with an average diameter of 200 
microns as compared with Fahr’s figure of 237 microns. 

Mertz, 1918, found that the total number of cells in 10 to 15 
micron sections through the greatest diameter of normal glomeruli 
was constant, and at most 145. Of these 3 to 30 were leucocytes, 
leaving 130 endothehal and epithelial, von Moellendorff, 1927, did 
not make a quantitative study but concluded that there were at 
least ten times as many epithelial as endothehal cells. Bargmann, 
1929, made the same observation. 

Development of the Glomerulus: According to Herring, 1900, and 
Huber, 1909, the malpighian body, convoluted tubules, Henle’s 
loops, junctional tubules, connective tissue framework and capsule 
arise from the kidney blastema, a mass of cehs formed from the 
intermediate ceU mass. Blood vessels are partly of the same origin 
and partly branches from the renal artery. Malpighian bodies and 
their tubules begin to appear at the end of the second month. Each 
anses as a sohd mass of cells which acquires a liunen and becomes 
S-shaped. The lower limb of the “ S ” becomes the malpighian body, 
the upper and middle limbs form the convoluted tubules. The convex 
side of the lower limb is formed by the epithehum which later fines 
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Bowman’s capsule, the concave side by the epithelium which later 
covers the glomerulus. The glomerulus is at first non-vascular and 
is formed by a thickening of the epithelium rather than by an in- 
vagination. The capillaries form in situ from mesenchymal connec- 
tive tissue cells close to the base of the glomenilus and are joined by 
a branch of the renal artery. The division of the glomerulus into 
lobes is due to the penetration of the epithelial cells between the 
capillary loops. 

Summary 

To summarize the present status of the histology of the normal 
glomerulus, it may be said: 

1. The shape is oval and the diameter varies between 200 and 237 
microns. 

2. The capsule consists of a basement membrane lined by flat 
epithelial cells which become taller near the opening into the tubule. 
The structure of the membrane and its relation to the glomerular 
membrane are not agreed upon. 

3 . The wall of the glomerular loop contains a basement membrane 
whose porosity and fibrillar or homogeneous character are unsettled 
subjects. 

4. Within the glomerular membrane, are a few endothelial cells 
between which, boimdaries have not been definitely established. 

5. Outside the glomerular membrane is a layer of cells whose 
epithelial, adventitial and syncytial characters are controversial 
points. 

6. The presence of reticular fibrils in the tuft beyond the wall of 
the vas afferens is indefinite as is also the existence there of connect- 
ive tissue cells. 

II. Methods Used and Results Obtained in this Study 

Fixation of Tissues: In general the results were best following 
Zenker or Kelly fixation. However, most of the tissues available for 
this work had already been fixed in 10 per cent formalin. Davidoff, 
1928, described a method of taking nerve tissue from formalin to 
Zenker. This was tried on kidney tissue and was found to work very 
successfully. The technique may be applied to the tissue in blocks 
or to paraffin sections. 
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(a) For paraffin sections of formalin-fixed tissues. 

1. One hour in ammonia (40 drops to 10 cc. of water). 

2. One hour in running water. 

3. One hour in Zenker’s or Helly’s fluid. 

4. One hour in running water. 

(&) For blocks of formalin-fixed tissue. 

1. Two days in paraflan oven at 40° C in ammonia (40 drops to 100 cc. 

of water). 

2. Twenty-four hours in running water. 

3. Zenker twelve hours, or Helly five hours. 

4. Twelve hours in running water. 

Staining of Tissues: The following stains have been used: Hema- 
toxylin and eosin, Mallory’s eosin-methylene blue, methyl green- 
pyronin, Van Gieson, Weigert’s elastic tissue stain, Ohmori’s rein 
blau-picric acid, Mallory’s anilin blue, Heidenhain’s azan-carmine 
modification of Mallory’s anilin blue, Lee-Brown modification of 
Mallory’s anilin blue, Bielschowsky-Maresch, Bielschowsky-Per- 
drau (Bailey and Hiller), Bielschowsky-Ferguson, Bielschowsky- 
Foot, Hortega-Foot silver carbonate. 

The technique for the three stains which were found to be the most 
useful is as follows: 

(a) Mallory’s anilin blue (Heidenhain’s azan-carmine modifica- 
tion*). 

1. 1 per cent azan-carmine G (i gm. in 100 cc. of water, heat, cool, filter 
at room temperature and add i cc. glacial acetic acid). Thirty to 
forty minutes in this stain in the paraf&n oven at 56° C. 

2. Wash in water. 

3. Differentiate in anilin alcohol (i cc. anilin oil in 100 cc. 95 per cent 

alcohol). Watch imder the microscope until the nuclei are red and 
the cytoplasm pale pink. This step requires from one to three min- 
utes, depending on the thickness of the sections. 

4. Remove anilin with acid alcohol, about one minute. 

5. Three hours in 5 per cent phosphotrmgstic acid. 

6. Wash quickly in water. 

7. Three to six hours in: anilin blue 0.5 gm. 

orange G 2. gm. 

glacial acetic acid 8. cc. 
distilled water 100. cc. 

Boil, cool and filter. Dilute one-half with water. 

8. Wash in water. 

9. Differentiate in absolute alcohol, watching under the microscope, 

10. Xylol. 

11. Balsam. 


* Some changes were made in this technique so the directions do not correspond 
with the original as given by Heidenhain. 
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Nuclei orange-red, cytoplasm pink, connective tissue and reticu- 
lum blue, fibrin red. 

(b) Obmori’s rein blau-picric acid. 

1. Stain the nuclei with acid fuchsin or lithium carmine at least one-half 

hour. 

2. One minute in rein blau-picric acid (to a concentrated aqueous solu- 

tion of picric acid add a concentrated aqueous solution of rein blau 
until a dark green color appears). 

3. Differentiate in absolute alcohol. 

4. Xylol. 

5. Balsam. 


(c) Mallory’s anilin blue, Lee-Brown modification. 

1. Phosphomolybdic acid i per cent for thirty seconds. 

2. Distilled water for i to 2 minutes. 

3. Mallory’s stain: anilin blue 0.5 gm. 

orange G 2. gm. 

phosphomolybdic acid 2. gm. 
distUled water 100. cc. 

4. Distilled water for 2 to 5 minutes. 

5. Phosphomolybdic acid i per cent for 30 seconds. 

6. Distilled water for i to 2 minutes. 

7. Dehydrate, clear and mount. 


for r to 5 minutes 


The Capsular Basement Membrane: The outer layer of Bowman’s 
capsule is composed of argyrophil fibrils which anastomose with the 
intertubular stroma of the kidney and with the reticular covering 
of the tubules. The inner layer of Bowman’s capsule is an apparently 
homogeneous membrane which stains red with Van Gieson, blue 
with Ohmori and dark blue with the Mallory-Heidenhain azan-car- 
mine. This structure is continuous with the glomerular and tubular 
basal membranes. 

The Capsular Epithelium: These cells form a single layer com- 
pletely lining the capsule. Their cell borders are distinct and as 
would be expected from their embryological origin they are directly 
continuous with the glomerular and tubular epithelium. Their 
nuclei are elongated, with finely dispersed chromatin and one or 
more large nucleoli. 

Glomerular Epithelium: These are the cells which, in the embryo, 
form the concave side of the lower limb of the ‘‘S” (the convex side 
of the capsular space). During fetal life and early childhood the 
arrangement is columnar, this gradually becoming flattened in the 
adult. 
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These cells form a complete single layer of covering over the tips 
and crevices of the capillary tufts. At the hiliun they are continu- 
ous with the capsular, and thus with the tubular epithelimn. They 
lie outside the glomerular basement membrane which separates 
them from the endothelium. The arrangement is not syncytial and 
cell boundaries are easily seen. They are much more numerous than 
endothelium. 

Each cell has abundant cytoplasm and a large oval nucleus situ- 
ated far from the base. The chromatin is finely dispersed near the 
nuclear membrane and there are one or two nucleoli. The cyto- 
plasm takes a basophilic tint with Mallory’s eosin-methylene blue. 
The morphology is very similar to that of the capsular epithelium. 

Glomerular Basement Membrane: The S-shaped mass of cells des- 
tined to form the glomerulus and its tubule is surrounded by a mem- 
brane. The portion of this structure covering the concavity of the 
lower limb of the “S” becomes the glomerular basement membrane. 
It is closely associated with the glomerular epithelium and is present 
before the glomerular capillaries appear. 

In sections stained with anilin blue or with rein blau the membrane 
is a single deep blue line lying between endothelium and glomerular 
epithelium and forms the most striking portion of the glomerular 
capillary wall. It does not stain with any of the silver impregnation 
methods used. 

For the most part its structure seems to be homogeneous. How- 
ever, near the hilum there is sometimes a lamellated appearance. 
Whether the membrane is fibrillar or whether the extra fibrils belong 
to the connective tissue cells of the vascular pedicle has not yet been 
determined. 

The vas afferens with its supporting framework passes well into 
the center of the glomerulus before it breaks up into capillaries. Its 
subendothelial connective tissue seems to fuse with the glomerular 
basement membrane. 

The lumen of each glomerular branch of the afferent vessel is 
narrowed at fairly regular intervals with openings into numerous 
small capillary loops. At each of these orifices the basement mem- 
brane appears thickened and contracted while in all other portions 
of the capillary wall it is thin and quite uniform. 

The continuity of the glomerular capsular and tubular mem- 
branes is evident in any fetal or adult kidney stained with anilin 
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blue or with rein blau. While differentiating these sections in ab- 
solute alcohol the glomerular basement membrane decolorizes be- 
fore any other membrane or connective tissue in the kidney. 

Glomerular Endothelium: These cells are continuous with the endo- 
thelium of the vas afferens and efferens and are situated inside the 
glomerular basement membrane. Their nuclei are widely separated 
and are much less numerous than those of the epithelium. A con- 
tinuous layer of cytoplasm lining the membrane and connecting 
adjacent cells is rarely visible. The nuclei are small and elongated 
with a thick nuclear membrane and coarse, evenly distributed chro- 
matin. The small amount of cytoplasm at each end of the nucleus 
makes the cell appear stretched and flattened against the basement 
membrane. The question of cell boundaries has not been investi- 
gated. 

There is another type of cell in the wall of the capillary which is 
probably endothelial also. It is always situated inside the passage- 
way between loops or adjacent to the orifice. In this way it lies next 
the thickened portions of the glomerular membrane and seems to be 
almost surrounded by it. This cell cannot be considered epithelial 
because it is inside the basement membrane. With the stains used 
in this study the nucleus cannot be distinguished from that of typical 
endothelium. Its cytoplasm is extremely minute, perhaps because 
of its position in the constricted portion of the capillary. There is 
a possibility that it is a connective tissue cell enclosed in the mem- 
brane. Further studies on this point are in progress. 

Connective Tissue Cells: These accompany the afferent vessel 
almost to the center of the glomerulus and are always visible in 
sections through the greatest glomerular diameter. Reticulmn argy- 
rophil fibrils also enter at the hilum, pass into the glomerulus and 
end in finer fibrils or very small clusters. They do not accompany 
the basement membrane of the capillary loops but seem rather to 
be associated with the afferent vessel. 

Summary 

The following conclusions have been reached after studying oil 
immersion fields of tissues stained as described previously. 

I. The glomerular, capsular and tubular basement membranes 
are continuous and stain red with Van Gieson, blue with Ohmori and 
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dark blue with Mallory-Heidenhain azan-carmine. The capsule 
and tubules have an additional external, reticular, argyrophil cover- 
ing. The glomerular basement membrane is thinner than that of the 
capsule and tubules. Pores have not been demonstrated, nor any 
elastic fiber content. 

2. The glomerular, capsular and tubular epithehum are continu- 
ous. The glomerular epithelial cells have abundant cytoplasm and 
large vesicular nuclei with one or more prominent nucleoli. These 
are the only cells which lie outside the glomerular basement mem- 
brane. They form complete covering for the loops following closely 
both tips and crevices. They are arranged in a single layer and not 
in a sync3d;imn. 

3. The glomerular endothelium lies inside the basement mem- 
brane and therefore cannot be confused with epithelium. The cyto- 
plasm is very small in amount and the nuclei have a thick nuclear 
membrane enclosing much coarse chromatin. Endothehal cells are 
much less numerous than epithelial. 

There are cells, probably endothelial, which lie inside the glomer- 
ular basement membrane but are partially surrounded by it. Their 
nuclei seem to be identical with those of typical endothelium and 
they have very little cytoplasm. Their situation at the orifices be- 
tween loops makes examination very difl&cult. Further study to 
decide their nature is in progress. 

4. Connective tissue cells and reticulum fibrils pass in at the hilum 
•accompan3dng the vas afferens until it subdivides near the center of 
the glomerulus. 

BIBLIOGRAPHY 

See following paper for bibliography. 
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Fig. I. Diagram of section through greatest diameter of a normal glomerulus. 
C. tub. = convoluted tubule; aff. a. = afferent artery; c.t. = connective 
tissue; c.b.m. = capsular basement membrane; c.ep. = capsular epithelium; 
gl.ep. = glomerular epithelium; gl.b.m. = glomerular basement membrane; 
end. = endothelium; end. 1. = type of endothelial cell found at passageway 
between loops; r.b.c. = red blood cell; 1. = leucocyte; t. = thickening of 
glomerular basement membrane often seen at orifice into another loop. 
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THE CYTOLOGICAL CHANGES OCCURRING IN THE 
GLOMERULUS OF CLINICAL GLOMERULONEPHRITIS * 

Leone McGregor, Ph.D., M.D. 

{From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 


Introduction 

The object of this paper is to review the literature and to present - 
some new facts regarding the cytological changes occurring in the 
glomerulus of clinical glomerulonephritis, acute and chronic. 

I. Review of Literature 

Richard Bright in 1827 considered the renal lesions in nephritis 
to be of an inflammatory character. The work of Christison, 1839, 
Rayer, 1840, Johnson, 1847 and 1850, Frerichs, 1851, Virchow, 1852, 
and Wilks, 1853, directed attention toward the tubular changes of 
fatty degeneration, desquamation and proliferation. However in 
1850, Johnson observed changes in the glomerular capillary walls in 
chronic renal disease. From that time on the glomeruli as well as 
the tubules were studied. 

Glomerular Endothelial Reactions: Since most of the very early in- 
vestigators were convinced of the interstitial and tubular nature of 
nephritis, very few studies were made of glomerular endothelium. 
Johnson, 1873, noted that the nuclei in the walls of the glomerular 
capillaries were abnormally conspicuous. Langhans, 1879, was the 
first to call attention to endothelial proliferation. Hortoles, 1881, 
describing a case of scarlet fever, believed the multiplication of the 
endothelial cells was due to their reversion to an embryonic state. 
Friedlander, 1883, saw prohferation of “the endothelial tube.” 
Aufrecht, 1886, found a swelling but no increase in number of these 
cells. In 1885 Langhans’ detailed description of the glomerular capil- 
laries in acute nephritis supported what he believed to be the essen- 
tial lesion, an almost complete occlusion of the loops by endothelial 
proliferation. Welch, 1886, corroborated this statement. Nauwerck, 
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Received for publication July 20, 1929. 


5S9 



560 


MCGREGOR 


1886, saw endothelial cells with several nuclei and supposed their 
multiplication was so extensive that they were cast off into the 
lumen. Ribbert, 1879, and Hansemann, 1887, because of the scar- 
city of endothelial nuclei in normal glomeruli could not believe they 
were the source of proliferation in nephritis. Klebs, 1889, differing 
from his earlier publication, stressed the swelling of endothelium 
as part of the lesion. Sorenson, 1891, reached the same conclusion. 
Councilman, 1897, reviewing forty-nine cases of acute and subacute 
nephritis, confirmed Langhans in the conclusion that most of the 
nuclear increase was endothelial. Herring, 1900, made a similar ob- 
servation. Lbhlein, 1910, described a proliferation and “net-like ar- 
rangement of cellular elements of the endothelial type.” Kaiffmann, 
1911, saw a marked increase in endothelium with desquamation 
into the capillary lumen. Gaskell, 1911, observed a homogeneous 
swelling of the capillary wall cells with subsequent fatty degener- 
ation. Aschoff, 1913, Fahr, 1914, Mallory, 1914, MacCallum, 1916, 
Dietrich, 1917, and Jungman, 1917, all e3q)lained the narrowed 
lumina of the capillary loops as due to endothelial proliferation. 
Mertz, 1918, in his quantitative study, concluded that between the 
ninth and twenty-first days of nephritis the endothelial cells at least 
doubled in number, their increase being proportional to the severity 
of the disease. Since he believed the number of glomerular epithelial 
cells to be constant, his figures for endothelial increase are inexact. 
Herxheimer, 1916, and 1918, in a comprehensive review of war 
nephritis, stated that the first morphological change was growth of 
endothelium. Gross, 1919, confirmed Kaufmann as to the prolifera- 
tion and desquamation of these cells. MaUory, 1914, Ohmori, 1921, 
Bell andHartzell, 1922, Munk, 1925, Kuczynski andDosquet, 1926, 
Elwyn, 1926, and Hiickel, 1928, all described var3ung degrees of 
increase in endothelium. MacCallum, 1921, said “the glomerular 
tufts become greatly enlarged through the appearance of quantities 
of cells in the lumina of the capillaries, which are not pol3miorpho- 
nuclear leucocytes, but look more like endothelial cells. At least 
they are mononuclear cells with indistinct outline, so fused together 
that their origin can hardly be made out.” Fahr, 1925, observed 
such marked proliferation and desquamation that a two to three- 
celled layer was formed in the capillaries. 

Mallory, 1914, Herxheimer, 1916, Gross, 1919, and EIw3ai, 1926, 
have reported mitoses in glomerular endothelial cells. 
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Intracapillary Leucocytes: The opinion has been nnifonnly held 
that a part of the glomerular cell increase was polymorphonuclear. 
However, Buhl, 1878, and Waller, 1880, decided the leucoc)d;e accu- 
mulation was the outstanding feature, Langhans, 1885, stated that 
leucocytes helped to occlude the glomerular capillaries, their cyto- 
plasm fusing with that of the proliferating endothelium. Comil, 
1879, and Hansemann, 1887, believed the so-called endothelial multi- 
plication was merely an aggregation of leucocytes. Obrzut, 1888, and 
Ribbert, 1888, both agreed with Buhl and Waller that the leucocytes 
could later form connective tissue. Graff, 1916, Herxheimer, 1916 
and 1918, and Mertz, 1918, studied in detail the polymorphonuclear 
exudate. Mertz concluded that in very early stages these cells were 
increased up to five times their normal number. Aschoff had pointed 
out that leucocytes in glomeruli might not be due to inflammation, 
but merely a condition seen in the agonal stage in circulatory disease. 
After a study of control cases Herxheimer disagreed. Mallory, 1914, 
called attention to the participation of endothelial leucocytes (large 
mononuclears or monocytes) in the exudate in slowly progressive 
cases. He suggested that some wandered in from the blood stream, 
while others were desquamated endothelium. Bell and Hartzell, 
1922, considered the leucocytic reaction polymorphonuclear in type. 

Glomerular Intracapillary Network: Cellular and non-cellular types 
of network within the glomerular loops have been described. In 
1849, Rokitansky explained the interference with the glomerular 
circulation on the basis of a fibrino-albuminous deposit within the 
capillaries. According to Langhans, 1885, the growing endothelium 
formed a reticulum within the loops and led to closure of the lumina. 
To Hansemann, 1887, this conception was erroneous and was ap- 
parent only in very thick sections. Ellebs, 1889, described obstruc- 
tion of the capillaries by a syncytium composed of endothelium, 
leucocytes and masses which stained red with eosin. Thrombotic 
occlusion of the loops by endothehal cells and leucocytes or by gran- 
ular masses was seen by Friedlander, 1883, and Nauwerck, 1886. 
Bohm, 1897, Kaufmann, 1911, also described an accumulation 
of fine granular detritus coming from endothelium and blood cor- 
puscles. Fibrin excretion was prominent in the scarlet fever cases 
studied by Reichel, 1905. Herxheimer, 1916, believed leucocytes 
were mechanically held in the loops due to injury of the endothelium. 
He decided coagulated blood serum was the source of the cytoplas- 
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mic network described by Aufrecht, 1894, as coining fromjedjlood 
cells. Mallory, 1914, described fibrin in the loops in the form of 
threads, a network or solid masses, Lohlein, 1910, and Rochs, 1918, 
observed a coagulated cytoplasmic meshwork within the vessel 
lumina. Gross, 1919, found free endothelial cells within the network 
which stained with cresyl violet and Heidenhain’s pale blue but not 
with Van Gieson or Weigert. Ohmori, 1921, saw a deposition of 
fibrin flakes on the inside of the glomerular basement membrane. 
These increased in amount, became confluent and crossed the loops, 
MacCallum, 1916, ascribed the capillary occlusion to the prolifer- 
ating endothelium and to indefinite foamy masses of cytoplasm. 
Aschoff, 1921, mentioned the presence of fibrin and nuclei in the 
cytoplasmic glomerular network. Excessive endothelial cytoplasm 
alone obstructed the lumen in a case described by Fahr, 1925. 

Glomerular Epithelium: Klein, 1877, was the first to mention an 
increase in nuclei of cells ‘^probably epithelial” covering the tuft, 
Langhans, 1879, saw such swelling of the cytoplasm and nuclei of 
these cells that they were attached only by narrow pedicles to the 
loop wall. When the increase in size progressed far enough they 
were desquamated in large numbers. Weigert, 1879, and Ziegler, 
1879, observed swelling, degeneration and destruction of glomerular 
epithelium as one of the earliest changes in acute nephritis. Green- 
field, 1880, and Saundry, 1880, found proliferation of epithelium, 
which they called endothelium because they considered it compar- 
able to the peritoneal and pleural lining cells. Litten, . 1878, and 
Dunin, 1883, believed the degenerating epithelium liberated chemi- 
cals injurious to the vessel walls and causing inflammation, although 
Dunin also stated that ^vascular changes could occur independently 
of epithelial disease. Aufrecht, 1886 and 1894, described swelling 
but not proliferation of glomerular epithelium. Kiener and Kelsch, 
1882, Cornil and Brault, 1883, Nauwerck, 1886, and Klebs, 1889, all 
saw multiplication, degeneration, necrosis and desquamation of 
these cells until the capillary loops were bare. Welch, 1886, and 
Ribbert, 1888, noted these same epithelial changes. Hansemann, 
1887, explained the albuminuria as due to the nakedness of the capil- 
lary wall following the desquamation. Ernst, 1893, thought fibrin 
was able to pass through the glomerular loop after the death of 
the epithelium. Orth, 1893, and Bohm, 1897, described degeneration 
of these cells. Herring, 190D, concluded glomerular epithelium was 
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highly organized and therefore easily injured. Herxheimer, 1909, 
agreed with Aufrecht, 1886, and with Engel, 1901, that the primary 
injury in glomerulonephritis is epithelial. Lohlein, 1910, found 
slight swelling of the epithelium in early stages which passed on to 
desquamation in severe cases. Kaufmann, 1911, saw both prolifer- 
ative and degenerative changes. Herxheimer, 1916, observed swell- 
ing and the formation of giant cells in this epithelium. Mertz, 1918, 
on the other hand, decided that the number of epithelial cells was 
a constant which did not increase. Gross, 1919, felt that endothelial 
proliferation preceded epithelial degeneration. Mitoses were men- 
tioned in the glomerular epithelium by Mallory, 1914, MacCallum, 
1916, Fahr, 1925, Munk, 1925, and Kuczynski and Dosquet, 1926; 
all showed illustrations of the changes occurring in these cells. 

Hyaline granular degeneration of glomerular epithelium similar 
to that commonly seen in convoluted tubules has been described by 
Posner, 1880, Aufrecht, 1886, Kaufmann, 1911, Mallory, 1914, Herx- 
heimer, 1916, Gross, 1919, Aschoff, 1921, Fahr, 1925, and Kuczynski 
and Dosquet, 1926. 

Glomerular Connective Tissue Proliferation: Klebs, 1863, stated 
that in glomerulonephritis the inflammation was situated between 
the coils of the glomerulus in the small amount of connective tissue 
there. By 1889, opinion was modified to the extent that he no 
longer considered coimective tissue proliferation a conspicuous fea- 
ture. Waller, 1880, confirmed Klebs’ original statement because the 
first nuclear increase occurred between the loops and later progressed 
toward the tips. Greenfield, 1880, and Bohm, 1897, described a pro- 
liferation of connective tissue ceUs around the vas and between the 
glomerular loops. Councilman, 1897, and Herring, 1900, thought 
a few of the new cells were of connective tissue origin. Mallory, 
1914, stated that the fibroblasts forming the supporting framework 
of the capillaries were stimulated to proliferation. 

Capsular Epithelial Proliferation: Swelling and proliferation of 
these ceUs were first described by Langhans, 1879, Ziegler, 1879, and 
Greenfield, 1880. The latter two believed the ceUs to be endotheUal 
with a reaction similar to that of the serous membranes. Saundry, 
1880, von Leyden, 1881, Aufrecht, 1886 and 1894, Nauwerck, 1886, 
Welch, 1886, Pibbert, 1888, Klebs, 1889, Orth, 1893, Kahlden, 
1894, Herring, 1900, Herxheimer, 1909, Lohlein, 1910, Gaskell, 1911, 
MaUory, 1914, MacCaUum, 1916, Aschoff, 1921, BeU and HartzeU, 
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1922, Fahr, 1925, and Munk, 1925, all confirmed the work of their 
predecessors on this point. 

Hyaline granular degeneration of capsular epithelium has been 
reported by Aufrecht, 1894, Mallory, 1914, and Fahr, 1925. Mitoses 
were seen in these cells by Mallory, 1914, 

Randerath, 1929, demonstrated anatomically the presence of a 
pericapsular capillary net. He suggested that bacteria in these capil- 
laries causing an increased permeability of the capsular basement 
membrane could stimulate the capsular epithelium to proliferation. 

Crescent Formation: Langhans, 1879, Nauwerck, 1886, and Fahr, 
1925, decided the chief source of the cells in the crescent was des- 
quamated glomerular epithelium. Ziegler, 1879, Greenfield, 1880, 
Leyden, 1881, Dunin, 1883, and MacCallum, 1916, have ascribed 
the ori^n of crescents to capsular epithelium. Saundry, 1880, 
Welch, 1886, Hansemann, 1887, Orth, 1893, Engel, 1901, Lohlein, 
1910, Kaufmann, 1911, Mallory, 1914, Herxheimer, 1916, Aschoff, 
1921, and Munk, 1925, have all stated that both capsular and des- 
quamated glomerular epithelium take part in crescent formation. 
Waller, 1880, and Obrzut, 1888, suggested that emigrated leucocytes 
changing into connective tissue produced the crescent. 

The presence of fibrin in the capsular space and crescent has been 
reported many times. It was described as a conspicuous feature by 
Ernst, 1893, Engel, 1901, Lohlein, 1910, Kaufmann, 1911, Mallory, 
1914, MacCaUum, 1916, Ohmori, 1921, Aschoff, 1921, and Fahr, 1925. 
Ernst saw a fibrin net between the cells of the crescent and extending 
into the convoluted tubule. The descriptions of Mallory, Aschoff 
and MacCaUum were very similar. According to Engel, the source 
of the fibrin was either the blood plasma or the degenerated epithel- 
ium. Lohlein explained the fibrin as forming from blood extravasated 
into the capsular space. Fahr disagreed with this view and described 
it as an inflammatory excretion. Herxheimer, xgi6 and rgiS, found 
no intracapsular fibrin in the war nephritis cases. 

Herxheimer described hyaline bodies in the crescent which were 
not fibrin, which stained yeUow with Van Gieson, and which were 
sometimes inside the cytoplasm of growing epithelial cells. Mac- 
CaUum also saw hyaUne masses in contact with the epithelium and 
thought they arose from fusion of disintegrating red blood corpus- 
cles which had passed through the capiUary waU. 

Almost aU workers have described coagulated albumin, red blood 
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cells, polymorphonuclears, desquamated disintegrating glomerular 
epithelium and fat in the capsular space or in the crescent. Lang- 
hans, GraS and Herxheimer have seen leucocytes passing through 
the wall of the glomerular loops. 

In an explanation of the connective tissue organization of the 
crescent, Mallory, 1914, stated that fibrin in the capsular space 
stimulated fibroblasts in the tuft and capsule wherever it touched 
them. They proliferated and organized until the fibrin was replaced 
by collagen. MacCallmn, 1916, beheved the proliferating epithelial 
cells brought with them a supporting framework of connective tissue. 

Changes in Permeability of Glomerular Capillary Wall: The large 
amount of exudate in the tubules and capsular spaces in nephritis 
has suggested an increased permeabihty of the glomerular capillary 
walls. No one has been able to demonstrate stomata or other mor- 
phological evidence of this process. To)mbee, 1846, and Thoma, 
1877, showed experimentally that in normal kidneys, injections of 
a calcium solution and Berlin blue at a pressure of 50 mm. Hg. very 
rarely went through the loops into the capsular space. On the other 
hand, in nephritic kidneys, the more severe the disease the more 
material passed through the capillary walls. Nauwerck, 1886, Hanse- 
mann, 1887, and Engel, 1901, believed the increased permeability 
was due to the degeneration and desquamation of the glomerular 
epithelium. 

Changes in the Glomerular Basement Membrane: Ohmori, 1921, was 
the only writer to note changes in the basement membrane in ne- 
phritis. He believed it could be mechanically compressed and phys- 
ically or chemically altered. He observed that it was often attached 
to the intracapillary hyaline masses seen in old chronic glomerulo- 
nephritis. Within the loops fibrin was deposited on the membrane 
and finally fused with it. 

Changes in the V as Afferens: Langhans, 1879, Nauwerck, 1886, 
Reichel, 1905, Lohlein, 1910, Mallory, 1914, MacCallum, 1916, 
Herxheimer, 1918, Gross, 1919, Aschoff, 1921, Bell and Hartzell, 
1922, and Fahr, 1925, have all concluded that glomerulonephritis 
IS a primary inflammation in the capillaries of the glomeruli. Other 
workers have believed the primary change to take place in the vas 
afferens with a secondary inflammation of the glomeruli. Ellein, 
1877, after finding a multiplication of muscle and coimective tissue 
nuclei in the coat of the afferent vessel, believed the thickening of 
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its wall tended to shut off the circulation to the glomeruli. Kava 
and Thomayer, 1882, were of the opinion that a small round-celled 
infiltration in the interstitial tissue around the afferent and efferent 
vessels compressed their lumina. Aufrecht, 1886 and 1894, confirmed 
the findings of Klein. Herxheimer, 1918, felt that Aufrecht’s con- 
clusions were due to the fact that he was not studying the earliest 
stages of the disease. Volhard and Fahr, 1914, decided that a spasm 
of the afferent vessel led to ischemia of the glomerulus and secondary 
inflammatory processes there. Kuczynski and Dosquet, 1926, de- 
scribed a severe edema in the region of the afferent vessel with 
occlusion of its lumen in early acute nephritis. The edema stimu- 
lated resting cells of the adjacent connective tissue until they wan- 
dered into the wall of the vas and formed new cells around the 
hilmn. Hiickel, 1928, disagreed with Kuczynski and Dosquet after 
stud3dng a very early acute case, a woman aged 39 years, who died 
of uremia thirty hours after the onset of symptoms. He was unable 
to find swelling or edema at the vascular hilum in more than a very 
few glomeruli. All workers have agreed that there is a great deal 
of arteriolar disease in the advanced stages of glomerulonephritis. 

Hyalinization of the Glomerulus: Klebs, 1863, concluded that the 
connective tissue cells between the loops as well as emigrated leu- 
cocytes changed into a hyaline substance which later became organ- 
ized. Klein, 1877, believed there was a primary arteriolar lesion 
which led to a hyaline degeneration and fibrosis of the glomerulus 
and its capsule. Thoma, 1877, described a connective tissue change 
of the vascular loops of the glomerulus. The walls thickened and 
acquired a homogeneous appearance while the capsule formed con- 
centric layers of fibrous cellular connective tissue. In one type of 
atrophy the loops did not completely disappear while in the other 
type they were replaced by concentric layers of connective tissue. 
Ziegler, 1879, described two types of atrophy, one due to the pro- 
liferation and pressure of a crescent on the tuft, the other due to 
obliteration of the vas afferens. Greenfield, iSSo, believed prolifera- 
tion of glomerular connective tissue cells as well as the crescent led 
to fibrosis of the glomerulus. Waller, 1880, concluded that the hya- 
linization of the malpighian body was due to a connective tissue 
transformation of leucocytes which had migrated into the capsular 
space. The connective tissue cells normally present between the 
loops proliferated and assisted in the process. Dunin, 1883, found 
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three types of contracted glomeruli due to Bright’s disease. The 
types differed in size, fusion or non-fusion of glomerulus and capsule, 
and partial or total loss of the original lobular structure. Fried- 
lander, 1883, believed the -walls of the capillary loops thickened until 
the lumina were occluded. Nauwerck, 1886, described a hyaline 
thickening (similar to amyloid degeneration) of the loop walls, plus 
an occlusion of the capillaries by leucocytes, endothelium and gran- 
ular masses. Bohm, 1897, observed pericapsular and hilum connec- 
tive tissue proliferation causing atrophy of glomeruli. Goemans, 
1899, described a connective tissue proliferation in the glomerulus 
and in the capsule. Engel, 1901, believed that organization of the 
fibrin in the exudate was the source of the connective tissue growth 
of loops and capsule. Tschistowitsch, 1903, saw pericapsular con- 
nective tissue gro-wing in through the capsule at various points and 
also from the hilum. In some cases swelling of the capsiilar base- 
ment membrane and collapse of the capillaries were the sources of 
the capsular and glomerular hyalin. Lohlein, 1910, described a 
homogeneous thickening and hyalinization of the loop walls and 
fusion of the whole -with the capsvde. Mallory, 1914, found that a 
proliferation of fibroblasts in the tuft produced more collagen which 
contracted toward the hil nm until the capillaries were obliterated. 
This left a non- vascular mass of hyaline connective tissue. Krauspe, 
1922, considered glomerular hyaline to be different chemically froin 
capsular hyalin, as shown by their reactions to the Van Gieson stain. 
He concluded that the two hyaline materials were in a different 
colloid state. Calcification of the hyaline glomerulus has been re- 
ported by several authors. 

Summary 

1. The opinion has been quite uniformly held that there is a 
marked proliferation of glomerular endothelium in the acute stages 
of nephritis. 

2. The leucocytic exudate has usually been described as poly- 
morphonuclear. The origin of the mononuclear cells -within the capil- 
laries is doubtful, whether from the blood stream or from freed 
endotheli um 

3* Protoplasmic, albuminous and fibrinous t)q)es of intracapillary 
network have been reported. There has been no agreement on this 
point. 
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4* Proliferation, degeneration and descjuaniation of glomerular 
epithelium have been established as one part of the morphological 
change. 

5. There has been no uniform explanation of the origin and 
organization of the cells of the crescent. 

6. Changes in the vas afferens have been considered for the most 
part as secondary to the inflammation in the glomerulus. 

7. Very little attention has been directed toward alterations in 
the glomerular basement membrane. 

8. The process of hyalinization of glomeruli in nephritis has not 
been described in detail. 

II. Results Obtained' from a Microscopic Study of Sixty 
Cases of Clinical Glomerulonephritis 

Sections were stained as described in the previous paper. The 
descriptions below apply to the Mallory-Heidenhain azan-carmine 
stain unless otherwise specified. 

Glomerular Epithelium: These cells covering the outside of the 
loops are among the first to react in nephritis. There is a cytoplas- 
mic increase up to two or three times the original amount. With the 
azan-carmine it appears pale purple and denser than the capsular 
epithelium. With Mallory’s eosin-methylene blue stain the periph- 
ery of each cell is basophilic, while the center is acidophilic. The 
nuclei enlarge and often become indented as if preparing for ami- 
tosis. Many cells contain two identical nuclei lying side by side. 
Mitosis has not been observed. The nuclear membrane is very deli- 
cate, and except for one to three nucleoli the chromatin is diffusely 
distributed in very minute particles. The nuclei are always situated 
in the periphery of the cell as far from the glomerular basement 
membrane as possible. Only a thin rim of cytoplasm separates the 
nucleus from the capsrdar space. Whether by mitotic or amitotic 
division, these cells are soon increased to two or three times their 
original number. This swelling and proliferation occur around every 
loop in every glomerulus and completely fill in the space normally 
present between lobules. When cut through the lulum and the 
junction with the convoluted tubule, the glomerulus appears oval 
in shape. Often one lobule with its enormous epithelial cells projects 
into and almost occludes the tubule. 



CYTOLOGICAL CHANGES IN GLOMERULONEPHRITIS 569 

The next change in the epithehum seems to be degenerative. 
Small hyaline granules and vacuoles appear in the cytoplasm of some 
of the cells. These bodies stain deep blue and are similar to the 
hyaline granules so commonly observed in the convoluted tubules 
in amyloid disease. At the same time the attachment of many of 
the cells to the loop wall becomes so narrow that it resembles a 
pedicle (see Fig. 3). This keeps the bodies suspended in the cap- 
sular space. The cells are so mnnerous that in spite of the narrow 
pedicles the loops are not left bare. 

The hyaline granular degeneration may increase until the entire 
cell is filled. The nucleus may or may not disintegrate. In any case 
a certain munber of cells are desquamated. They lie in the capsular 
space between fibrin clumps or applied to the capsular epithelium 
or on the inner surface of a crescent. When the pedunculated shape 
is retained the glomerular origin is evident, and even when the cell 
rounds off, its cytoplasm is much denser and more darkly staining 
than that of the capsular epithelimn. 

Desquamation is not extensive and soon ceases. Hyaline granular 
and vacuolar degeneration may continue for some time. As the 
intracapillary lesions progress, the swelling and prohferation of the 
glomerular epithelium either stay at a standstill or regress. The 
cases showing the most desquamation are left with very little epi- 
thelium. Bare loops have not been observed. 

There is a reason for believing that the degeneration follows pro- 
liferation. It is the observation that the earliest intracapillary 
changes are accompanied by proliferation of epithelium, while the 
more advanced intracapillary changes seem to be accompanied by 
degeneration and desquamation. 

Glomerular Basement Membrane: During the early stages of glo- 
merulonephritis the changes in the glomerular membrane are rather 
insignificant. In those glomeruli showing extensive hemorrhage into 
the capsular space there is much wrinkling and indentation of the 
membrane, probably due to the external pressure. A careful search 
was made for pores or tears in the membrane through which the red 
and white blood corpuscles might have escaped. No openings were 
found even when the extravasation was so recent that it was not 
hemolyzed. 

Glomerular Bnidothelium: The endothelial cells lie inside the glo- 
merular basement membrane. They react by swelling and prolifera- 
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tion SO that very early in nephritis there is a complete cytoplasmic 
wall lining the loops. As many as five mitoses have been seen in one 
section of a glomerulus. Multiplication continues until there are 
two or three layers of these cells in each loop (see Fig. 2). The nuclei 
are now very large and usually elongated due to crowding. Many 
are deeply indented, the chromatin is coarse, and there may be 
nucleoli. There is a large amount of cytoplasm, but the outline of 
each cell is irregular and rather frayed as if it had recently been 
attached. It appears as if many are desquamated into the lumen, 
where they are held in a meshwork of leucocytes, fibrin, and hyaline 
fibers (to be described later). At least in favor of desquamation is 
the fact that these large mononuclear cells seen in the lumen of the 
loop are identical morphologically with the adjacent endothelium. 

Occasionally pyknosis and karyorrhexis are seen in endothelial 
cells. This condition is difficult to distinguish from the disintegrating 
polymorphonuclears, which always seem to stick to the capillary 
wall. 

Glomerular Intracapillary Leucocytes: Polymorphonuclears are not 
as conspicuous in this series of cases as in those of other authors. 
In the very early acute cases there are from one to two in each 
loop, that is, they are about one-third to one-half as numerous as the 
endothelial cells. When pyknotic they are seen adhering to the capil- 
lary wall, while when healthy they remain out in the lumen between 
the mononuclears. A few eosinophils but no lymphocytes have been 
observed. 

The lumina of the glomerular capillaries are occluded for the most 
part by mononuclear cells. Some of these may be monocytes. With 
the stains used in this study neither their nuclei nor their cytoplasm 
could be distinguished from that of the proliferating endothelium. 
The numerous naitoses, the adjacent position of these cells and their 
similar morphology, all point to their endothelial origin. They occa- 
sionally appear to be free cells, but usually lie in layers or in a mass. 
Sometimes the lumen is completely stopped up with cells, but usually 
there is a narrow slit toward one side of the loop where the circula- 
tion may continue. 

Neither polymorphonuclears nor mononuclears were ever seen 
passing through the glomerular membrane. There was no evidence 
of phagocytosis of disintegrating cell fragments. 

Intracapillary Fibrin and Debris: Fibrin in clumps, rods or threads 
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is occasionally seen in a few glomerular loops. It usually lies close 
to the capillary wall and takes a bright red color with the Mallory- 
Heidenhain technique. Coagulated albumin, disintegrating red 
blood cells and pyknotic polymorphonuclears may be found in the 
lumina of the loops. 

Intracapillary Hyaline Fibers: (Figs. 2 and 3.) It is these hitherto 
undescribed fibers which eventually lead to hyalinization of the 
glomerulus. It is believed that they are a typical finding in clinical 
glomerulonephritis. They were found in all but two of our sixty 
cases. 

These hyaline fibers are present in the earliest stages as fine lines 
lying between the proliferating endothelial cells and leucocytes. 
Knots are numerous at intersection points. The fibers with their 
knots stain deep blue (exactly the color of the glomerular basement 
membrane) with MaUory-Heidenhain, red with Van Gieson, not at 
all with silver and are practically invisible with Mallory’s eosin- 
methylene blue and with hematoxylin-eosin. They seem to be at- 
tached at one end to the glomerular basement membrane. They 
always lie along the edge of the cytoplasm of the intracapillary cells. 
The fibers form a network within the capillary which helps to hold 
in place the leucocytes and endothelial cells. The occurrence of the 
fibers is diffuse in most of the loops of almost all glomeruli. They are 
not seen except in association with endothelial proliferation. There- 
fore, they are inconspicuous in (i) those cases which show only 
crescent formation with very little intracapillary lesion and (2) in 
those glomeruli which are compressed by the hemorrhage in the 
capsular space. 

As the disease progresses, these fibers increase in diameter and in 
number until they form a dense meshwork enclosing the newly 
formed endothelial cells. In the earlier stages a few pyknotic poly- 
morphonuclears may be included, but as the fiber meshwork thickens 
only mononuclear cells remain. The polymorphonuclears have dis- 
integrated. The fibers remain attached to the basement membrane 
in many places. Usually a narrow channel is left along one side of 
the loop where the circulation continues. By this time the fibers 
are much thicker in caliber than the basement membrane of the 
loop they occupy (Figs. 4 and 5). 

The origin of the hyaline fibers is not as yet determined. The possi- 
bilities would seem to be: (i) that they are branches or offshoots 
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from the glomerular basement membrane; (2) that they are fibrin 
threads which become transformed into collagen; '(3) that they are 
products of disintegrated red or white blood cells; and (4) that they 
are reticulum or collagen fibers formed intercellularly from the con- 
stituents of the blood stream under the influence of a secretion from 
the proliferating endothelium. In this latter case the disintegrating 
polymorphonuclears might have some influence. 

It should be mentioned that these fibers are believed to be real 
and not artefacts, because they have not been seen in the sections of 
numerous normal control kidneys. 

The points in favor of the first possibility are the facts that the 
fibers and membrane are usually attached to one another and that 
their staining reactions are similar. The demonstration of a fibrillar 
character in the membrane would give support to this theory. 

The work of Baitsell, 1915, 1916, 1917, and 1921, would point 
toward the feasibility of the second theory. He has shown in living 
cultures and in wound healing the transformation of a fibrin net into 
fibrous tissue either by mechanical factors alone or by the influence 
of living cells. Foot, 1921, believed collagen fibers were a product of 
the transformation of fibrin, but in 1925 concluded that this was 
erroneous and that the two were independent of each other. He dis- 
agreed with White and Smith, 1924, who believed that fibrin in the 
center of a tubercle was converted to reticulum by the agency of 
endothelium. Foot, 1925, demonstrated a reticular network in 
tubercles one week old before the fibrin appeared. He believes fibrin 
plays no part in the formation of reticulum and that reticulum is 
converted directly into coUagen. However, the fibers in glomerulo- 
nephritis stain blue, while the fibrin is red and both are present at 
the same time. When first formed, the hyaline fibers are fine sharp 
lines while the fibrin is usually in coarser rods or clumps. If the 
fibers do come from fibrin, the coUoid state of the latter must be con- 
siderably altered and with that its staining reaction and morphology. 

With regard to the third possibility, it has been shown by Foot, 
1927, that reticulum fibrils in hanging-drop tissue cultures of blood 
can come from the disintegration of erythrocytes and a rearrange- 
ment of the reticulum they contain. He does not suggest that this 
occurs frequently in the body but that other cells might have an 
intracellular network which would be deposited by lysis. That red 
blood cells are not the origin of the intracapiUary fibers in glomerulo- 
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nephritis can be shown with silver impregnation. The disintegrat- 
ing red cells and their fragments in the convoluted tubules take the 
silver stain, while in the same section the intracapillary fibers do not. 

The fourth possible origin of the fibers involves a discussion of the 
relation between reticulum and collagen. Russakoff, 1908, first de- 
scribed the transformation of reticulum into collagen. Miller, 1924 
and 1927, considered reticidum as precollagen, for in tubercles where 
there was a tendency to heal, the former became converted into the 
latter. Baitsell and Mason, 1926, and Baitsell, 1927, have also made 
a study of the origin of fibrous tissue in tuberculous inflammation. 
They believe there is a transformation of the intercellular exudate 
into fibrils and fibrous tissue. “This does not preclude the possi- 
bility that the movement of the cells through the exudate may not, 
by means of purely mechanical factors, change the structure of the 
fibrous material, or that the secretions of various types of cells may 
so influence the fibers that their chemical composition becomes 
changed.” The very detailed work of Orsos, 1926, shows that 
reticulum is only changed coUagen and transitions in either direction 
from one to the other can be seen in normal lymph nodes. He states, 
and his illustrations show that “excluding certain pathological 
conditions” reticulum or collagen formation is intracellular. This 
substance is first seen inside the cytoplasm of the cell as blue-staining 
elements with Mallory’s anilin blue. However, the intracapillary 
fibers in glomerulonephritis with this same stain seem to be inter- 
cellular rather than intracellular. Mallory and Parker, 1927, in a 
study of reticulum and collagen, concluded that all collagen is pro- 
duced by fibroblasts, that endothelial cells do not produce an inter- 
cellular substance and that reticulum is collagen in a separated form. 
In order to fit into this theory the intracapillary mononuclear cells 
in nephritis would have to be considered fibroblasts. Certainly 
there are no connective tissue cells out in the tips of the loops accord- 
ing to any authority. Yet fiber production is just as plentiful there. 
According to this study there are only endothelial cells inside the 
basement membrane of a loop. Therefore the fibroblasts would have 
to come from endothelium. But the new cells are morphologically 
more hke endothelium than like fibroblasts. The nuclear membrane 
is thick and often indented, and the chromatin is arranged in rather 
coarse clumps. These cells do seem to assist in the formation of 
fibers which ultimately are indistinguishable from collagen. Per- 
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haps endotheUum and its derivatives can produce fibers, Maximow, 
1928, studied the formation of reticulum and collagen in cultures of 
connective tissue and also of blood leucocytes. The process is to be 
thought of as a crystallization or precipitation. The colloidal sol 
surrounding the fibroblasts is changed into a gel under the influence 
of a chemical excretion from the cell bodies. Fiber formation is 
intercellular. The fibers first appear in the form of an argyrophil 
network, which is identical with reticulum. With increase in amount, 
they become parallel and arrange themselves in wavy bundles. At 
this stage they lose their argyrophil properties and stain blue with 
anilin blue or red with Van Gieson, Often the fibrin threads form 
a supporting framework for the fibers, but no direct transformation ' 
from one to the other was observed. Above all, the fibers develop 
extracehulariy. The intracapiUary glomerular fibers are similar to 
Maximow’s in that they form extracellularly and perhaps from the 
constituents of the blood. Marimow would explain the newly formed 
endothelial cells as fibroblasts. On the other hand, the hyaline fibers 
do not stain with silver even in the early stages but seem to be closely 
allied to collagen from the beginning. 

Thus far in this study it would seem that the hyaline intracapillary 
fibers in nephritis either come from the glomerular basement mem- 
brane or arise intercellularly in a manner comparable to those de- 
scribed by Miller, 1924 and 1927, BaitseU and Mason, 1926, Baitsell, 
1927, MaUory and Parker, 1927, and Maximow, 1928. If they arise 
from the constituents of the blood stream, it must take place under 
the influence of the proliferating endothelium and disintegrating 
leucocytes. The fact that the fibers do not stain with silver may be 
due to lack of sufficiently early stages of nephritis to study. 

Glomerular Connective Tissue: As the glomerulus increases in size 
in the early stages of nephritis, it extends farther down on the vas 
afferens. Thus more connective tissue cells appear to follow the 
afferent vessel into the glomerulus. In addition to this apparent in- 
crease there is a slight proliferation of these cells. Their location 
prevents confusion with the intracapiUary ceUular proliferation. In 
no case was there seen sufficient proliferation of these ceUs to occlude 
the lumen of the afferent vessel. There is a marked increase in retic- 
ulum fibrils in contracted glomeruh. 

The Capsular Basement Membrane: In the early stages it shows no 
change. Many authors have described a thickening where it turns 
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to be reflected over the glomerulus. This was not observed in any 
of the sixty cases. In later stages the reticular framework thickens 
and forms multiple concentric layers outside the inner apparently 
homogeneous basement membrane. 

Capsular Epithelium: These cells react similarly to glomerular 
epithelium. In the early periods of the disease they become swollen, 
show mitoses and multiply rapidly. They often show hyaline gran- 
ular degeneration. The intracellular fibrin clumps described by 
some authors seem on the contrary to be extracellular. The epi- 
thelium may form a very cellular single layer or multiple layers. 

Crescent Formation: In the cases studied crescents were formed 
chiefly from proliferating capsular epithelium. When there is marked 
glomerular epithelial desquamation, the freed cells line the inner sur- 
face and may form the inner layers of the crescent. They may be dis- 
tinguished from the capsular epithelixun by their greater size, irregu- 
lar shape, pedicles and dense cytoplasm. The regularly arranged 
outer portion of the crescent forms from capsular epithelium. Fibrin 
lies in threads, sheets and clumps between the cells. It appears 
bright red with the Mallory-Heidenhain stain. Blue hyaline fibers 
are also found in threads between the cells. These are very similar 
to the intracapillary fibers previously described. They have both 
knobs and knots at intersections. They soon form a meshwork in 
which the epithelium lies. This often occludes the convoluted tubule. 
Tubule-like cavities may appear in the crescent. The fibrin, poly- 
morphonuclears and disintegrating desquamated glomerular epi- 
thelium soon disappear. The hyaline fibers seem to fuse with the 
capsular basement membrane. When adhesions develop between 
crescent and glomerulus, the hyaline fibers of the crescent are con- 
tinuous with the glomerular basement membrane and through it 
with the intracapillary fibers. The closely related mesenchymal 
origin of all the cells in a glomerulus makes it theoretically possible 
for any one cell to produce fibrils. The origin of the fibers in the 
crescent is not yet determined. In many areas they seem to come 
from the capsular basement membrane, while in other places they 
appear to be forming intercellularly without attachment. 

B.yalinization of the Glomeruhis: The intracapillary hyaline fibers 
increase in number and caliber until they form the bulk of the intra- 
capillary glomerular masses. The enclosed mononuclear cells are 
not allowed much space for c3d;oplasm. Sometimes the whole loop 
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is filled with the mass of fibers and cells all the way out to its base- 
ment membrane. This allows no lumen for the circulation. When 
all the loops in a glomerulus are as extensively involved, the nuclei 
are gradually squeezed out of existence; then adjacent loops fuse. 
At the same time, if crescents are present the hyaline fibers there in- 
crease and press on the enclosed cells until they too disappear. The 
capsular basement membrane, crescent, glomerular basement mem- 
brane and loop contents all fuse. There is a general contraction, and 
more nuclei disappear. Finally only a hyaline fibrous mass with 
very few nuclei remains. Even in this end stage it is usually possible 
with the Mallory-Heidenhain stain to differentiate the capsular and 
crescent fibers from those of glomerular origin. 

Summary 

From a microscopic study of glomeruli of sixty cases of acute and 
chronic glomerulonephritis the conclusions are as follows: 

1. The intracapillary cellular increase is chiefly endothelial and 
is explained by the numerous mitoses. The leucocytes are poly- 
morphonuclear and are much less nmnerous than the endothelial 
cells. A small amount of fibrin and debris is found in most of the 
capillaries. 

2. The extracapillary changes consist of proliferation, degenera- 
tion and desquamation of glomerular and capsular epitheh'um. 
These are easily distinguished from intracapillary lesions because 
the glomerular basement membrane lies between. 

3. Crescent formation may be due to capsular epithelial prolifera- 
tion or to a combination of capsular proliferation and glomerular 
epithelial desquamation. In a very early period hyaline fibers appear 
between the cells and are soon continuous with the capsular base- 
ment membrane. 

4. Hyaline fibers also appear inside the glomerular capillaries. 
They stain blue with the Mallory-Heidenhain azan-carmine, or with 
Ohmori’s rein blau and not at all with silver. When first formed, 
they lie between the proliferating endothelial cells and are usually 
attached to the basement membrane. They appear as fine sharp 
lines with knobs at intersections. They soon form a definite mesh- 
work enclosing the intracapillary cells. This fibrous meshwork is be- 
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lieved to be an important and t)^ical finding in glomerulonephritis. 
It is the initial stage of the hyalinization of the glomerulus. The 
process takes place in aU the glomeruli but not always to the same 
degree. When the loops are only partially occluded, blood continues 
to circulate along one side and the glomerulus has some function. 
When every loop is occluded, the circulation cannot continue. The 
fibers within the loop increase in number and caliber, many fuse, 
and the enclosed cells are atrophied by pressure. The glomerular 
loop arrives at a stage where it consists of a few flattened epithelial 
cells, a basement membrane and a lumen completely filled with a 
hyaline fibrous mass enclosing a few nuclei. Adjacent loops fuse, 
and the fibers contract. The glomerular epithelium atrophies and 
disappears. At the same ti m e the fibers of the crescent have in- 
creased and contracted until they have eliminated most of the cells. 
The fibrous crescent now fuses with the fibrous glomerulus. The end 
result is a sphere of fibrous connective tissue containing practically 
no nuclei. 

5. The origin and composition of the intracapillary hyaline fibers 
are imdetermined and require further study. They do not seem to 
be fibrin or derivatives of it. They are thought to be a crystallization 
or precipitation of the intercellular exudate under the influence of the 
prohferating endothelial cells or perhaps a product of the glomerular 
basement membrane. Later they are indistinguishable from typical 
collagenous fibers. 

6. The above processes are typical of clinical glomerulonephritis. 
The finding of a glomerular cellular increase (usually monocytes) 
following pneumonia and other infections is not to be confused 
with clinical nephritis. The non-clinical cases do not have the char- 
acteristic intracapillary fibrous meshwork. 

Note: I wish to express my appreciation of the suggestions and 
criticisms given me by Dr. E. T. Bell during the progress of this 
study. 
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Plate 105 

Fig. I. One loop of a normal glomerulxis. Gl. ep. = glomerular epithelium; 
gl. b. m. = glomerular basement membrane; end. = endothelium; r. b. c. = 
red blood ceU; 1. = leucocyte. 

Fig. 2. One loop of a glomerulus from a case of acute glomerulonephritis. Note 
the swollen, glomerular epithelium, the large endothelial cells in several 
layers and the intracapillary hyaline fibers. C. b. m. = capsular basement 
membrane; c. ep. = capsular epithelium; gl. ep. = glomerular epithelium; 
gl. b. m. = glomerular basement membrane; end. = endothelium; end. 2. = 
proliferating endothelium; hy. f. =hyaline intracapillary fibers. 

Fig. 3 . One loop of a glomerulus from a later stage of acute glomerulonephritis. 
Gl. ep. =glomerular epithelium; gl. b. m. =glomerular basement membrane; 
end. =endothelimn; end. 2 = proliferated endothelium; hy. f. = intracapil- 
lary hyaline fibers. 







Plate io6 


Fig. 4. One loop from a glomerulus of chronic glomerulonephritis. Gl. ep. = glo- 
merular epithelium; gl. b. m. = glomerular basement membrane; end. = en- 
dothelium; end. 2= proliferated endothelium; r. b. c. = red blood cell; 
hy. f. = hyaline fibers. 

Fig. 5. One loop from a glomerulus of chronic glomerulonephritis. C. b. m. = 
capsular basement membrane; gl. ep. =glomerular epithelium; end. = endo- 
thelium; end. 2 = proliferated endothelium; hy. f. = intracapillary hyaline 
fibers. 

Figures 1, 2, 3, 4 and 5 are camera lucida drawings from oil immersion fields. 
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LIPOID NEPHROSIS * 


E. T. Bell, M.D. 

{From the Department of Pathology, University of Minnesota Medical School, 
Minneapolis, Minn.) 

Nephrosis is defined as a degenerative renal disease in which the 
lesions are restricted chiefly to the tubules. On the basis of etiology 
several types are distinguished: 

1. Nephroses due to simple chemical poisons (e. g., corrosive 
sublimate). 

2. Nephroses due to poisons of metabolic origin (e. g., bile 
acids). 

3. Nephroses due to poisons of bacterial origin, as in pneu- 
monia, diphtheria, abscess, etc. 

4. Nephroses due to the toxemia of pregnancy. 

5. Amyloid nephrosis. 

6. Lipoid nephrosis. 

This paper deals only with lipoid nephrosis — a type which has 
attracted much attention in recent years. The study has been 
directed chiefly toward the structural changes in the kidneys and the 
anatomical and clinical distinctions between lipoid nephrosis and 
glomerulonephritis. Some of the questions that have arisen in con- 
nection with the problem of lipoid nephrosis are: (i) Is lipoid ne- 
phrosis a renal disease or a general metabolic disorder? (2) Is it a dis- 
tinct type of renal disease or merely a form of glomerulonephritis? 
(3) What is the nature of the mixed type — nephritis with nephrotic 
Einschlag? (4) Are all the non-contracted kidneys, associated with 
albuminuria and edema, instances of lipoid nephrosis? (5) Are there 
any certain clinical or anatomical distinctions between hpoid ne- 
phrosis and glomerulonephritis? 

The authors chiefly responsible for the wide recognition of lipoid 
nephrosis as a distinct disease are Munk, Volhard and Fahr, and 
Epstein. Munk described it under the name of “lipoid nephrosis”; 
Volhard and Fahr, as “genuine nephrosis”; and Epstein, as “chronic 
nephrosis.” The term suggested by Munk has been generally 
adopted since it refers to a striking characteristic of the disease. 

* Received for publication June 24, 1929. 

587 



S88 


BELL 


Lipoid nephrosis was defined anatomically by Volbard and Fahr 
under the designation of “genuine nephrosis.” Nearly all subsequent 
contributors to this subject have accepted the criteria laid down by 
these authors. They described the kidneys as enlarged with smooth 
external surfaces and thickened cortices of yellowish color. The 
glomeruli appear normal or show only minor focal lesions. Large 
numbers of lipoid droplets are found in the convoluted tubules, and 
some may be seen in the interstitial cells and in the glomeruli. There 
is no tubular atrophy. 

Clinically there is general agreement that the outstanding fea- 
tures are the presence of severe albuminuria and marked edema, and 
the absence of hypertension, cardiac hypertrophy, hematuria and 
uremia. There is a definite h 3 q)ercholesterolemia and a decrease of 
the plasma proteins with reversal of the normal albumin: globulin 
ratio. Ohguria and decreased elimination of chlorides are fre- 
quently noted. The urine commonly contains doubly refractive 
droplets of lipoid (lipoiduria). 

It is not known whether all kidneys with lipoid infiltration of the 
tubules are associated with the clinical phenomena of lipoid ne- 
phrosis. In the present state of our knowledge the diagnosis should 
not be made on the anatomical findings alone. 

Some cases of chronic glomerulonephritis in the earlier stages pre- 
sent the clinical features of lipoid nephrosis, so that a diagnosis based 
on clinical data alone may be erroneous. 

Frequently a renal disease is seen that presents all the clinical 
features of lipoid nephrosis except for the presence of h 3 q)ertension or 
definite nitrogen retention. Epstein included cases of this type in his 
group of “chronic nephroses”; but they are usually considered a 
mixed form of nephritis and nephrosis. Fahr refers to this group as 
nephritis with nephrotic Einschlag, which may be translated as 
nephritig, with a nephrotic tendency. The structural changes in the 
kidneys in this type will be described later. 

Table I gives a resume of aU the available pubhshed reports in 
which the diagnosis was established by postmortem examination. 
The anatomical findings in these cases correspond with Volhard 
and Fahr’s definition. 

Table 11 gives a resume of the published reports of living persons 
in which the clinical data seem to justify the diagnosis of lipoid 
nephrosis. Cases with high blood pressure have not been tabulated 
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since these are presumably not pure nephroses. When the blood 
pressure is not recorded the case is excluded because its exact nature 
is uncertain. Nepluroses associated with chronic suppuration have 
also been omitted since they arc presumably of the amyloid type. 

In addition to the cases shown in the tables tliere are reports deal- 
ing with groups of patients without individual details. Clausen ob- 
served 23 cases of parenchymatous nephritis (nephroses) in children. 
There w^ere ten deaths. Infection was the cliief cause of death. In 
the single postmortem that was performed the glomeruli showed 
only a few polymorphonuclear leucocytes. 

Schw'arz and Kohn observed 17 cases of nephrosis in children. The 
diagnostic features w'ere albuminuria and edema with hypercho- 
lesterolemia and reduced plasma proteins. Blood pressure and renal 
function are not mentioned. No postmortems w’cre reported. 

Bannick and Keith reported 25 chronic nephroses. Their criteria 
were: edema for several months without demonstrable vascular dis- 
ease, a blood pressure not above 140/90, blood urea not above 40 
mg. per 100 cc., hypercholesterolemia, decreased plasma proteins, no 
hematuria, no retinitis. There were tw'o deaths but no postmortem 
reports w'ere given. 

Munk, in 1913, reported 5 cases of lipoid nephrosis ■with albu- 
minuria, edema, lipoiduria and oliguria. Blood pressure was given in 
only one instance. Four of the patients had syphilis. 

Among 300 cases of nephritis wnth edema, Schlayer found only 6 
cases of pure lipoid nephrosis and some of these were uncertain. 

Before discussing the several phenomena of lipoid nephrosis in de- 
tail, I shall give the results of my own studies on this subject. 


Group I. Pufe Lipoid Nephrosis 

Case I. Clinical History: A-28-647. Male, 28 yrs. old. The patient stated 
that he developed a cold about April 3, 1928, and one -week later noticed sw'ell- 
ing of the legs and puffiness about the eyes. After a few days the sw'elling be- 
came more prominent and involved the skin of the chest and back. The only 
subjective S3'mptom was weakness. The urine was dark brown in color and re- 
duced in amount. He was admitted to the hospital April 17, complaining of 
weakness and edema. Physical findings were negative except for severe gen- 
eralized edema and moderate tenderness over both kidney regions posteriorly. 
Hemoglobin was 97 per cent on admission and 81 per cent two weeks later. 
Erythrocytes were 4,970,000 on admission and 4,600,000 later. Leucocyte 
count April 17, 7150 with 66 per cent polymorphonuclears. There was a 
definite oliguria. The specific gra'vity of the urine was constantly high, 1021 to 
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1058. A large amount of albumin was constantly present. There were some pus 
cells and many hyaline and granular casts in the sediment. The Wassermann re- 
action was negative. The basal metabolic rate was -f 27 per cent. Blood 
cholesterol was found to be 372 mg., 383 mg., and 240 mg. on three separate 
examinations. Urea nitrogen was 13.5 mg. April 17, 16.7 mg. April 25, and 48.5 
mg. May 6. The blood chlorides were 460 mg. April 17, 437 mg. one week later, 
and 435 mg. May 6. The first intravenous phenolsulphonephthalein test gave 
14.6 per cent and the second 27 per cent. The serum proteins were approxi- 
mately 4 gm., of which the globulin fraction was 97 per cent and the albumin 
fraction only 3 per cent. Repeated blood pressure determinations gave an aver- 
age of 120/80. However one systolic reading of 140 mm. Hg. was recorded. A 
few days before death the patient developed fever with abdominal pain, tender- 
ness and rigidity. A diagnosis of peritonitis was made. Death occurred May 7, 
twenty-eight days after the onset of the edema. 

Postmortem: The necropsy reveals generalized anasarca and a 
diffuse fibrinopurulent peritonitis. Each pleural cavity contains 
about one liter of cloudy fluid with abundant fibrin on the surfaces. 
The heart weighs 3r5 gm., (body weight, 150 lbs.). There is moder- 
ate edema of the lungs. The heart and liver show cloudy swelling. 
The right kidney weighs 2 50 gm. and the left 260 gm. The capsules 
are not adherent. The external surfaces are smooth. The cortices 
are thicker than normal and pale yellow in color. 

Microscopic Examination: Sections stained with hematoxylin and 
eosin show that there is no tubular atrophy and no disease of arteries 
or arterioles. Most of the convoluted tubifles are dilated. There are 
no epithelial crescents. The glomeruli are enlarged, but they contain 
very few erythrocytes. The glomerular capillaries are dilated and 
under low magnification they appear to be empty, but careful study 
under high magnification shows that most of them are filled with 
mononuclear cells that have a very pale vacuolated cytoplasm (Fig. 
i). Frozen sections stained with Sudan III show these cells filled 
with fat droplets. There are also some fat droplets in the epithelial 
cells of the glomenfii. The cells of the convoluted tubules are filled 
with fat droplets. 

The structure of the glomerulus is seen much better in sections 
stained by Mallory’s anilin blue connective tissue stain (Heiden- 
hain, azan-carmine *) (Fig. 2). The cells that fiU the capiUaries are 
clearly seen to be of endothelial origin. They have a large amount of 
vacuolated cytoplasm, the vacuolization being due to fat droplets 

* The reader is referred to McGregor’s paper for details of the technique and for 
the histology of the glomeruh in glomerulonephritis. 
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that have been dissolved out. The majority of the endothelial cells 
are firmly attached to the basement membrane, but a few are par- 
tially or completely free. The basement membrane of the capillaries 
shows an uneven thickening. The structure differs from typical 
acute glomerulonephritis in the absence of hyaline fibers in the capil- 
laries but resembles it in that tlie capillaries are filled ivith swollen 
endothelial cells. The capillaries are distended, but the obstruction is 
sufficient to interfere ivith renal function. In sections stained with 
hematoxjdin and eosin the glomeruli were considered practically nor- 
mal, since the extent of the capillary obstruction was not appre- 
dated. 

Case II. CUnical History: A-sS-s- Female, age 4 yrs. Admitted to the 
hospital June 21, 1927. The child had been well until about one week before 
admission when she developed a cold with a nasal discharge. Edema of the 
ankles appeared June 19, and no urine was passed during the 24 hrs. preceding 
admission. There w.as loss of appetite. The urine showed albumin +-f- + +, 
and hyaline and granular casts. Leucocytes 11,900. Blood pressure 108/64. 
Temperature 99° F to 100° F, Profuse drainage from both ears. Maxillary 
sinuses cloudy on roentgenological c.xamination. Blood urea nitrogen 24 mg. 
On June 25 both sinuses were drained, and the tonsils and adenoids were re- 
moved. Pus was found in the left sinus. Edema became verj' pronounced. 
July 5, blood pressure iiS/80. No fever. General edema. Ascites. Edema 
varied from time to time and was not relieved by urea, ammonium cliloridc or 
thyroid extract. The blood pressure varied from ioS/64 to 118/80. June 22, 
cholesterol 360 mg., blood urea nitrogen 24 mg,, nonprotein nitrogen 50 mg.; 
June 24, urea nitrogen 20 mg., nonprotein nitrogen 62 mg.; June 30, cholesterol 
284 mg., urea nitrogen 18 mg., nonprotcin nitrogen 37 mg.; July ii, cholesterol 
296 mg,; July 13, urea nitrogen 15 mg., nonprotcin nitrogen 49 mg. Discharged 
Aug. ig, 1927, heavy albuminuria, shght edema. 

Readmitted, Aug. 23, 1927, because of recurrence of edema. The edema dis- 
appeared on two or three occasions but soon reappeared. Albuminuria varied 
from -}- to -f -}--f-}-, and there were many pus cells in the urine. Temperature 
around 99° F. November 8, urea nitrogen 30.4 mg. November 18, total plasma 
protein 4.41 gm. Albumin rglobuhn ratio 1.47. December 10, irrigation of sphe- 
noidal sinus, windows made in maxillary sinuses. Total plasma protein, 3.61 
gm. Albumin: globulin ratio i.ii. December 13, hemoglobin 74 per cent, 
erythrocytes 3,890,000, leucocytes 16,050 — 65 percent polymorphonuclears. 
Decernber 30, hemoglobin 53 per cent, erythrocytes 3,130,000. Death Jan. i, 
1928, in convulsions and coma. 


Postmortem: Emaciation. No edema. No fluid in serous cavities. 
Early bronchopneumonia. No peritonitis. Kidneys weigh 95 gm. 
and 105 gm. The capstfles strip easily, and the external surfaces are 
smooth. The cortices are definitely yellowish in color. 
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Microscopic Examination: The convoluted tubules are moderately- 
distended, and their cells are filled with fat droplets. There is no tu- 
bular atrophy, and the blood vessels are normal. There is very little 
blood in any of the capillaries. The glomeruli are small and blood- 
less. There are no epithelial crescents. 

The modified Mallory stain (Fig. 3) shows many more endothelial 
nuclei than are visible in the normal glomerulus. In one area a 
swoUen endothelial cell is seen completely filling a capillary. There 
is no increase of epithelial cells. Very few leucocytes are found in the 
capillaries. The basement membrane is uniformly thickened and 
multilayered, and in several areas it shows a very marked thickening. 
Some of the capillaries are partially or completely obstructed by 
swollen endothelium or by the thickened basement membrane. The 
lesion resembles glomerulonephritis to the extent that there is en- 
largement and increase in number of endothelial cells. 

Case III. Clinical History: A-26-625, Female 6 yrs. old. In December 
1925 the patient had a mild cold with some fever and malaise which confined her 
to bed for a few days. She recovered completely and was well until the middle 
of January 1926, when her eyelids became puffy and her feet and legs became 
swollen. This edema persisted. About the middle of March 1926 she was very 
ill for several days with an infection that was called influenza. The temperature 
was 102° F. Shortly afterward her abdomen became greatly distended. This 
distention also persisted. She was admitted to the hospital May 18, 1926. 
There was severe generalized pitting edema and ascites. The urine showed a 
heavy cloud of albumin with clumps of pus cells and hyaline and granular casts. 
May 18, urea nitrogen 27 mg., creatinin 1.5 mg., sugar 0.15 per cent. May 19, 
phenolsulphonephthalein 10 per cent for 2 hrs. (subcutaneous). June 3, urea 
nitrogen 19 mg., creatinin 1.4 mg., sugar 0.13 per cent. Phenolsulphonephtha- 
lein, 1$ per cent for 2 hrs. Hemoglobin 68 per cent, red cells 3,680,000. Leu- 
cocytes, 16,800 -with 56 per cent polymorphonuclears and 42 per cent lympho- 
cytes. Temperature varied from 99.5° F to 101° F. Pulse 100 to 130. June 22, 
1000 cc. of clear fluid removed from the abdomen. The patient gradually grew 
worse and died on July 3, 1926. 

Postmortem: The postmortem reveals a generalized purulent peri- 
tonitis, a purulent left hydrothorax and early bronchopneumonia. 
The heart weighs 60 gm. The kidneys weigh together 275 gm. The 
external surfaces are smooth, and the cortices are of pale color and 
somewhat thicker than normal. 

Microscopic Examination: Marked distention of many of the con- 
voluted tubules. No material was available for fat or other special 
stains, but the vacuolated cells indicate strongly that abundant fat 



LIPOID NEPHROSIS 


597 


was present. No disease of the blood vessels. No tubular atrophy. 
The glomeruli are small and bloodless. The capillaries are filled Avith 
large endothelial cells as in glomerulonephritis. 

Case W. Clitiical History: 17 yrs,. old. Admitted April 8. The chief 

complaint w.is a progressive swelling of the legs of about one months duration, 
and occasional vomiting. No historj' of an infection of any kind. The physical 
findings were negative c.vccpt for marked edema of the legs and moderate ascites. 
The urine showed albumin + + + +. Blood pressure 120/70. The edema sub- 
sided somewhat under hospital care, but on April 24 the patient developed the 
physical signs and sj'mptoms of generalized peritonitis. The edema increased. 
April 27, blood urea 106 mg. Blood pressure 120/90. April 30, blood urea 144 
mg. Leucocytes 21,400. Death May 6. 

Postmortem: Generalized purulent peritonitis. Kidneys 415 gm. 
and 428 gm. The external surfaces arc smooth, and the cortices are 
very cloudy. 

Microscopic Examinatiott: No disease of arteries or arterioles. No 
hyaline glomeruli. No atrophied tubules. A small amount of fat in 
the convoluted tubules. Moderate dilatation of the convoluted 
tubules, and marked distention of the capsular spaces. The glomeruli 
are not enlarged. The capillary lumina appear to be definitely nar- 
rowed or collapsed. The anilin blue stain shows an uneven thicken- 
ing of the basement membrane which has resulted in narrowng of 
many capillaries and occlusion of a few. There are only a few endo- 
thelial cells in the capillaries, and there are no hyaline fibers. 

Group II. Transition Type — Nephritis with 
Nephrotic Tendency 

Case V. Clinical History: A-2S-193. Female 18 yrs. old. Patient was a 
sex delinquent. Chancre was diagnosed Jan. i, 1926. Intense antisyphilitic 
treatment was given (ncosalvarsan and mercury) from April to July 1927. 
Sudden onset of edema July 18, 1927. AntisyphUitic treatment was then dis- 
continued. For the next few days she had oliguria and severe pain over the kid- 
neys. Urine contained albumin -f -f + at this time. She was kept in bed four 
months on a liquid diet which contained neither salt nor meat. The edema was 
generalized and did not decrease appreciably under this treatment. The urinary 
output was small except when she drank large quantities of water. Albumin de- 
creased to In October 1927 she was allowed to get up and was given a gen- 
eral diet. However she soon became troubled with nausea and vomiting, and 
albumin became -f-J--!- again. She had frequent attacks of headache through- 
out her illness. Wassermann reaction positive June 28, 1926, negative October i, 
December 6, 1926, and April i, 1927. Admitted Nov. 22, 1927, to the hospital. 
Brine at aU times showed a large amount of albumin, doubly refractive lipoids. 
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many hyaline casts' and pus cells and occasional red cells. Hemoglobin 99 per 
cent. Erythrocytes 5,060,000. Leucocytes 11,400 on admission — dififerential 
normal. Phenolsulphonephthalein 70 cent. Blood urea nitrogen varied 
from 14.9 to 19 mg. The blood pressure was 160/100 for about three weeks 
during her stay in the hospital. It was normal on admission and shortly before 
death. Heart normal. Limgs showed signs of congestion. Septic temperature. 
Death, Feb. 7, 1928. 

Postmortem: Massive anasarca. Acute fibrinopurulent peritonitis. 
Hydrothorax (1200 cc. right, 700 cc. left). Heart 285 gm. Elidneys 
together 335 gm., surfaces smooth, cortices yellowish. 

Microscopic Examination: No atrophy or dilatation of tubules. 
Extensive hyaKne granular degeneration of many convoluted tu- 
bules. Abundant fat in all the convoluted tubules. No disease of 
arteries or arterioles. The glomeruli are of normal size and contain a 
relatively small amount of blood so that there appears to be an in- 
crease of cells at the e^qpense of the lumina of the capillaries. The 
anilin blue stain (Fig. 4) shows that most of the nuclei belong to en- 
larged epithelial cells which compress the capillaries, but there is a 
definite increase in the number of endothelial nuclei. The basement 
membrane is definitely thicker than normal. The glomeimlar lesion 
consists chiefly in enlargement of the epithelial cells and thickening 
of the basement membrane with resulting narrowing of the capil- 
laries. 

The only clinical distinction from pure lipoid nephrosis is the pres- 
ence of hypertension. 

Case VI. Clinical History: A-28-183. Female, 34 yrs. old. WeU \mtil 
Jime 1, 1927, when she first noticed imusual fatigue and drowsiness. On Jime 15 
she noticed swelling of the ankles, and the next day her legs were swollen also. 
In the latter part of July she developed an acute respiratory infection and was 
very ill with general anasarca, vomiting and suppression of urine. She was told 
at this time that there was albumin and pus in the urine. Hospitalized for two 
months. Repeated abdominal paracentesis. Admitted to our service Jan. 4, 
1928, complaining of fatigue, drowsiness, anasarca, vomiting and headache. 
Blood pressure 182/130. Distended abdomen (fluid). Albuminuria with casts. 
Hemoglobin 48 per cent. Erythrocytes 2,690,000. Leucocytes 9,300. Eye- 
grounds negative at first but a retinal hemorrhage was observed three weeks 
later. January 5, mrea nitrogen 24.2 mg., creatinin 2.2 mg.; January 9, urea 
nitrogen 26 mg., creatinin 2.6 mg.; January 18, urea nitrogen 31.2 mg., crea- 
tinin 3 mg.; January 30, urea nitrogen 47 mg., creatinin 7.2 mg. Blood pres- 
sure January 9, 200/140; January 12, 204/140; January 18, 208/ 140. The edema 
gradually decreased rmder diuretics and low fluid intake, but death occurred on 
Feb. 6, 1928. 
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Poshnorim: Edema of face, none elsewhere. Ascites. Heart 
300 gm. Early bronchopneumonia. Acute rheumatic mitral endo- 
carditis. Left kidney absent. Right kidney 300 gm., external sur- 
face smooth, cortex pale. 

Microscopic Examiitation: Moderate diffuse tubular atrophy (Fig. 
s). No hyaline glomeruli. No disease of arteries or arterioles. Mod- 
erate amount of fat in the convoluted tubules. Dilatation of some of 
the tubules. The glomeruli are not enlarged, but there is evidently an 
increased number of nuclei. The anilin blue stain (Fig. 6) shows a 
great many capillaries partly occluded by large endothelial cells 
and polymorphonuclear leucocytes. The most striking cliange is a 
marked, irregular thickening of the basement membrane, which 
causes narrowing and sometimes complete occlusion of the capil- 
laries. There is no change in the epithelial cells of the glomerulus. 
The extensive narrovnng and occlusion of the glomerular capillaries 
are responsible for the tubular atrophy. The obstruction in the glo- 
merular circulation is fairly uniform but none of the glomeruli are 
completely occluded. The result is a moderate diffuse tubular 
atrophy with no hyaline glomeruli and no completely atrophied tu- 
bules, One enlarged glomerulus was found which showed complete 
occlusion of all the capillaries by endothelial cells and hyaline fibers, 
such as is found in typical glomerulonephritis. 

Case Vn. Clinical Hislory: Malc54yrs. On the night of Aug. 

19, 1916, after working in a cold damp place he suddenly developed edema 
of the feet. He continued to work, but the swelling grew worse. On Septem- 
ber 7 he first noticed edema of both lower eyelids. Admission, Sept. 14, 1916. 
The mine showed albumin hyaline and granular casts. Hemoglobin 75 
per cent, erythrocytes 5,800,000, leucocytes 8000. Blood pressure 155/80. 
Wassermann reaction negative. Phenolsulphoncphthalein, September 15, 72 
per cent; September 29, 52 per cent. September 15, urea nitrogen 13 mg., 
creatinin 4 mg., sugar 0.16 per cent. Discharged Nov. 25, 1916. Readmitted 
May 17, 1917, On the second admission he complained of marked swelling of the 
feet and back, severe dyspnea, and gastric distress. He stated that he had felt 
drowsy and tired most of the time since he left the hospital. Urine: albumin 
+ -t, granular and hyaline casts. Hemoglobin 75 per cent, eiy throcytes 4,000,- 
000, leucocytes 8000. Blood pressure 190/95; 175/95. July 16, blood pres- 
sure 125/95, Wassermann reaction negative. Phenolsulphonephthalein May 19, 
35 per cent; July 7, 20 per cent. Urea nitrogen, June ir, 23.7 mg., creatinin 
3-2 mg., sugar 0,1 1 per cent. Death July 21, 1917. 

Postmortem: Severe general anasarca, marked ascites and hydro- 
thorax. Edema of lungs, purulent bronchitis and atelectasis. Heart 
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320 gm. Kidneys together weigh 450 gm., smooth external surfaces, 
thickened yellowish cortices. 

Microscopic Examination: There are a few hyaline glomeruh with 
atrophic tubules. Many of the convoluted tubules are dilated, and 
all of them contain fat droplets. There is no disease of arteries or 
arterioles. The glomeruli are of normal size and contain only a few 
erythrocytes. Many of them show adhesions to the capsule (Fig. 7). 
The anilin blue stain shows a general narrowing of the capillaries due 
chiefly to enlargement of the epithelial cells and thickening of the 
basement membrane. There are some swollen endothelial cells in the 
capillaries. The structure is about the same as is shown in Fig. 4. 
At the site of the adhesions a few capillaries contain hyaline fibers 
and swollen endothehum as in t3rpical glomerulonephritis. 

Group III. Non-Contracted Kidneys of Uncertain 

Type 

These probably belong with the lipoid nephroses, but the available 
clinical data are insufficient for a definite diagnosis. 

Case VIII. Clinical History: A-27-511. Female, 43 yrs. old. Present ill- 
ness began i yr. ago with pain in the right upper quadrant and vomiting. Since 
that time she has had repeated attacks of dyspnea and edema of the ankles. No 
other past history avaDable. Admitted to the hospital May 6, 1927, 12 hrs. 
before death, in coma. Severe dyspnea. Slight edema of the ankles. No cardiac 
murmurs. Blood pressure 110/70. Urine: trace of albumin, no sugar, occa- 
sional hyaline casts. 

Postmortem: Heart weighs 538 gm., left ventricular hypertrophy, 
no valvular lesions. No fluid in the serous cavities. Marked edema 
and congestion of lungs. Liver weighs 2730 gm. and shows moderate 
fatty metamorphosis. The left kidney weighs 304 gm. The capsule 
strips easily. The external surface is smooth. The cortex is of gray- 
ish yellow color. (No note was made on the right kidney.) 

Microscopic Examination: No tubular atrophy. No hyaline glo- 
meruli. Small arteries show a marked increase of elastic tissue. No 
hyalin in the arterioles. Moderate dilatation of all convoluted 
tubules A small amount of fat in the convoluted tubules. The 
glomeruh are large and anemic and show a great decrease in the 
capillary bed (Fig. 8). The anilin blue stain (Fig. 9) shows a marked 
irregffiar thickening of the basement membrane which has resulted 
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in narrowing of all the capillaries and complete closure of a few. 
There is a notable increase in the number of endothehal nuclei. 
Epithelial cells are inconspicuous. 

The marked left ventricular hypertrophy indicates that hyper- 
tension was present for a long time. The low blood pressure found 
shortly before death does not exclude a previous h3T)ertension. The 
possibility that this is a primary hypertension must be considered, 
but none of the known cases of this disease shows such striking 
glomerular lesions in the absence of arteriolar disease. The glo- 
merular lesions have some resemblance to advanced chronic glo- 
merulonephritis. 

Case EX. Clinical History: A-26-827. Female 62 yrs. old. Admitted 
Sept. II, 1926, complaining of generalized edema and dyspnea. Fifteen years 
ago she was confined to bed for one year with generalized edema. No further 
information about this attack could be obtained. From that time on her 
health was fair except for occasional attacks of edema of the ankles and some 
“stomach trouble.” About Aug. i, 1926, the edema became worse, and she 
noticed swelling of the abdomen, dyspnea, orthopnea and scanty urine. Her 
tongue was sore, and she noticed numbness of the hands occasionally. On ad- 
mission her temperature was 97.7® F; pulse 100; respirations 30; blood pressure 
134/82. Dyspnea, edema and weakness were pronounced. The skin and mu- 
cosae were pale. Soft systolic murmur at the apex. Ascites. Elnee jerks absent. 
Babinski negative. Hemoglobin 40 per cent. Erythrocytes 1,310,000. The 
smear showed anisocytosis, poikilocytosis, macrocytes, nucleated reds and 
polychromatophilia. Leucocytes 2500. Neutrophils 59 per cent, lymphocytes 
21 per cent, monocytes 20 per cent. Urine: albumin -H -b +, hyaline and granu- 
lar casts and a few erythrocytes. Blood urea nitrogen 25.2 mg., creatinin 1.36 
mg. Death Sept. 12, 1926. 

Postmortem: Marked general anasarca; ascites (7000 cc.); bila- 
teral hydrotborax (150 cc. each). Heart 330 gm. Spleen 37 gm. 
Red bone marrow in the shafts of the femurs. Kidneys together 
weigh 260 gm,, external surfaces smooth, cortices of normal thick- 
ness. 

Microscopic Examination: Sclerosis of the larger branches of the 
renal arteries, but no involvement of small arteries or arterioles. No 
tubular atrophy. Slight dilatation of the convoluted tubules. The 
cells of the convoluted tubules contain a small amount of fat and a 
large amount of blood pigment. AU the glomeruli have a hyaline 
appearance (Fig. 10). The lumina of the capillaries are largely obli- 
terated. The anilin blue stain (Fig. ii) shows that the extreme nar- 
rowmg of the capillaries is due to a massive thickening of the base- 
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Ten Cases Studied at Postmortem 
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Possible etiological factors 

Fat in 
tubules 

Glomerular lesion 

+ 


+27 

+ 

Sio 

Common cold 

+++ 

Capillaries partly obstructed by enlarged fatty 
endothelial cells. 

(Figs. I and 2) 
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200 

Common cold, 
nasal discharge, 
otitis media, 
sinusitis. 

+++ 

Swollen endothelium, thickened basement 
membrane. 

(Fig. 3) 
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Common cold f?) 
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Uneven thickening of basement membrane, 
slight endothelial swelling. 
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335 

AntisyphUitic 

treatment. 

+++ 

Thickened basement membrane, enlarged 
epithelial cells. 

(Fig. 4) 





300 


++ 

Swollen endothelial cells, thickened basement 
membrane, rarely glomerulonephritis. 

(Figs. 5 and 6 ) 
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Exposure to cold 
and dampness. 

++ 

Thickened basement membrane, enlarged epi- 
thelial cells, focal glomerulonephritis. 

(Fig. 7) 
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Marked thickening of basement membrane, 
increase of endothelium. (Figs. 8 and 9) 
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Extreme thickening of basement membrane, 
increase of endothelium. 

(Figs. 10 and ii) 
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+++ + 

Very large fatty and hyaline epithelial cells, 
glomerulonephritis. (Fig. 12) 














































merit membrane. The nuclei all seem to belong to endothelial cells. 
There is a close resemblance to Case VII (Fig. 8), but the thicken- 
ing of the membrane is more pronounced and the endothelial cells 
are less conspicuous. 

It is not clear whether death was due to anemia or to renal in- 
sufficiency. 

Case X. Clinical Eislory: A-27-305. Female 52 yrs. old. History of edema 
of the legs and ankles for the past two years. She first noticed distention of the 
abdomen on March 15, 1927. At the same time she had cramp-like abdominal 
pains and vomited throughout the day. On March 16, she continued to have 
acute abdominal pain but did not vomit. Admitted March 18. Rapid labored 
respiration. Crackling rales at the bases of the lungs. Abdomen distended and 
tender but not rigid. Edema of legs and feet. Temperature 101.8° F. Leu- 
cocytes 21,000 — 79 per cent polymorphonuclears. Hemoglobin 80 per cent. 
Erythrocytes 4,260,000. Death March 18. 

Diffuse purulent peritonitis. Heart 315 gm. Edema 
of lungs. Kidneys together weigh about 350 gm., surfaces smooth, 
cortices yellowish. 

Microscopic Examination: Large numbers of fat droplets in the 
convoluted tubules, glomeruli and interstitial connective tissue cells. 
The glomerular fat is very prominent and is situated chiefly in the 
epithelial cells within the glomerulus and on its surface. About 10 
per cent of the glomeruH are hyaline, and these are associated with 
completely atrophied tubules. The other tubules show no atrophy 
or dilatation. There is no arterial or arteriolar disease. The glo- 
meruli are large and have an unusual appearance (Fig. 12). The 
lumina of the capillaries are either greatly narrowed or completely 
occluded. Large hyaline granules are seen which are chiefly situated 
within the epithelial cells. The anilin blue stain shows very large 
epithelial cells filled with hyaline masses. The occluded capillaries 
are filled with endothelial cells and a network of hyaline fibers such 
as are found in typical glomerulonephritis. The enlargement of the 
glomeruli and the narrowing of the capillary lumina are due to two 
processes: {a) marked enlargement of the epithelial ceUs with fatty 
and hyaline degeneration, and (&) enlargement of endothelial cells 
and formation of hyaline fibers within the lumina of the capillaries. 
The disease may be interpreted as a modified form of typical glo- 
merulonephritis. 

A summary of the clinical and anatomical data in the ten cases 
just described is given in Table III. 
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Discussion of the Various Phenomena of Lipoid 

Nephrosis 

1. Alhuminuria is a constant finding. Edemas without protein in 
the urine are not nephroses. In the early stages, in the remissions 
and in the stage of recovery there may be only a trace, but usually 
the amount of protein is very large. Amounts as high as 6 per cent 
have been reported. Epstein estimated that as much as 50 gm. of 
protein may be excreted daily, and since the total protein in the 
blood is only about 210 gm., he considers the loss of blood protein 
one of the most important phenomena of the disease. 

Epstein believes that the loss of blood protein in the ui^ne is the 
cause of the edema in that it results in a decrease of the osmotic 
pressure of the blood, but there are so many instances of low plasma 
protein without edema, and vice versa, that a causal relationship be- 
tween albuminuria and edema is uncertain. 

2. Oliguria is usually noted when the disease is at its peak, but 
normal or increased output occurs when the edema is lessening. A 
twenty-four hour excretion of 200 to 800 cc. of urine is frequently 
seen. A period of anuria was observed in only one case (Kaufmann 
and Mason). 

3. Lipoiduria is considered by Munk as pathognomonic of lipoid 
nephrosis. In his first publication he seems to have considered al- 
buminuria, edema and lipoiduria as sufficient to establish the diag- 
nosis. Doubly refractive bodies are readily demonstrated by attach- 
ing a polariscope to an ordinary microscope. 

Reference to the tables will show that lipoids were found in the 
urine in 16 of 19 cases in which they were looked for. Lipoiduria is 
therefore a rather constant finding in lipoid nephrosis. But Genck 
has shown that not all doubly refractive bodies in the urine are of 
fatty nature. Sphero crystals of various kinds are doubly refractive. 
Lipoiduria has been found in glomerulonephritis (Laweyuowicz, 2 of 
12 acute cases; Genck, i of 6 acute cases; Finger and KoUert, 32 of 
76 acute or subacute cases, and 5 of 21 chronic cases; Kollert and 
Finger, loi of 289 war nephritics [glomerulonephritis]). It has also 
been found in diabetes, amyloid disease and pyelonephritis. Tietz 
found hpoiduria in renal diseases of various types. It is obvious 
therefore that hpoiduria is not pecuhar to lipoid nephrosis. 
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4. Lipemia: An increase of the blood lipoids is found constantly 
in lipoid nephrosis and usually in glomerulonephritis with edema. 
The milky serum of nephritics was known to Richard Bright. Erben, 
in 1904, called attention to the high fat and lecithin content of the 
blood in nephritics. Chauffard, Laroche and Grigaut in 1911 found 
hypercholesterolemia in cases of renal edema with albuminuria and 
noted also that there was no increase of cholesterol in nephritics with 
nitrogen retention. Epstein has published a series of papers dealing 
with lipoid nephrosis and glomerulonephritis with a nephrotic ten- 
dency. He found hypercholesterolemia a characteristic feature. 

Values from 300 to 600 mg. per 100 cc. of blood are commonly 
reported. Rarely much higher values are recorded (1000 mg. Hahn 
and Wolff; 1350 mg. Epstein and Lande). Often the ser um is of 
milky appearance, but a high lipoid content may be found when the 
serum does not have this cloudy appearance (Hahn and Wolff). 

The increase of blood lipoid is largely represented by cholesterol, 
but there is also a marked increase of lecithin and fatty acids (Knaur, 
Daniels). 

Strauss and Schubardt found cholesterol values of over 200 mg. in 6 
of 17 cases of acute glomerulonephritis, and in ii of 44 chronic cases. 

Lipemia and renal edema are closely associated. Bennett doubts 
the occurrence of renal edema without hypercholesterolemia. Max- 
well in an extensive study of nephritis found hypercholesterolemia 
in both acute and chronic forms whenever edema was present. He 
found only one exception to the rule that renal edema never occurs 
without hypercholesterolemia. 

When uremia develops in chronic glomerulonephritis, the choles- 
terol sinks to a normal level (Chauffard, Stepp, Maxwell). 

Amy loid disease of the kidneys usually shows lipemia. The blood 
lipoids are usually slightly increased during pregnancy, and in 
eclampsia there is often a definite increase above the normal level 
of pregnancy (Hinselmann). An increase has also been noted in 
sublimate poisoning (Wichert and Russjajewa-Oparina). 

Lipemia is not restricted to renal disease. A moderate increase of 
blood lipoids is often found in diabetes, and sometimes a very marked 
lipemia is observed. In 2 5 diabetics Bing and Heckscher foimd nor- 
mal lipoid values in ii, moderate increases in 13, and a severe lipe- 
mia in one. Strauss and Schubardt found lipoid values in diabetics 
regularly about 250 mg. 
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There is often some increase of lipoids in obstructive jaundice 
(Stepp, Strauss and Schubardt). 

Increase of the blood lipoids is a characteristic feature of lipoid 
nephrosis, but this finding alone does not differentiate this disease 
from glomerulonephritis with edema, from amyloid nephrosis, or 
even from certain extrarenal diseases, 

Edema may occur without lipemia and 'okc versa, but the close 
association of edema and lipemia in renal disease suggests a common 
etiology. Little is known of the underlying causes of lipemia. The 
fats are believed to come from the ingested food since a pronounced 
lipemia may be produced in rabbits by intensive cliolesterol feeding 
(Tholldte). It has been suggested that the lipemia in renal disease is 
due to an inability to utilize fat as it presumably is in diabetes, but 
Hiller, Linder, Lundsgaard and Van Slyke find that nephritics vdth 
constant lipemia burn fat as efficiently as normals, 

5. Edema: The diagnosis of lipoid nephrosis should not be made 
if edema has not been present at any time. Apparently only two 
authors have made this diagnosis in the complete absence of edema, 
viz., Stepp and Epstein, Epstein’s case is obviously chronic glomer- 
ulonephritis, and the data in Stepp’s case are insufficient for accurate 
diagnosis. However, in typical cases edema may be absent in the 
early stages and in tlie remissions, and it may disappear spontan- 
eously or as a result of treatment. 

Edema is commonly severe at the peak of the attack and is often 
the chief cause of the patient’s discomfort. Therapeutic procedures 
should therefore be directed toward the relief of this symptom when 
it is pronounced. In general the most successful therapy appears to 
be a diet ivith restricted salt and fluid content, and the liberal use of 
mild diuretics. Epstein strongly recommends a high protein diet on 
the theory that it will replace the blood proteins lost in the urine. 
He believes that the edema is due to the loss of plasma proteins in 
the urine which lowers the osmotic pressure of the blood and results 
m an excessive accumulation of fluid in the tissue spaces. Edema 
fluids in nephrosis are poor in protein. 

6. Rclention of Sodium Chloride: There is a retention of sodium 
chloride in nephrotic edema. It is apparently held in the tissues 
since it is not increased in the blood. There is no satisfactory evi- 
dence that the ability of the kidney to excrete water or salts is seri- 
ously impaired. It is possible that edema is due to an injury of the 
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tissue cells throughout the body which causes them to retain water 
and crystalloids in the tissue spaces. 

7. Decrease of Plasma Proteins: Richard Bright knew that the 
plasma proteins were decreased in nephritis. Erben, in 1904, records 
a decrease of albumin and globulin and an increase of fibrin in 
“chronic parenchymatous and subchronic nephritis.” In 1905 he 
observed a shift of the albumin: globulin ratio in favor of globulin 
so that globulin sometimes exceeded albumin. 

Epstein has made extensive studies on the plasma proteins and 
found them characteristically decreased with reversal of the al- 
bumin: globulin ratio in pure lipoid nephrosis as weU as the mixed 
t3rpe. In the 10 cases listed in Tables I and II, in which the pro- 
teins were studied, they were found decreased in 8. The total 
protein was greatly decreased in the 2 cases of my series that were 
studied (Table III), but the albumin: globulin ratio was not re- 
versed in one of them. 

The protein lost is almost entirely albumin. Epstein gives an ex- 
ample of a nephrosis in which albumin was 0.466 mg., and globulin 
3.462 mg. In one of my cases (Table III) the total protein was 
4 mg. of which albumin was 3 per cent and globulin 97 per cent. 
The normal albumin: globulin ratio is 1.4 to 1.8. Linder, Lunds- 
gaard and Van Slyke found reduction of the plasma proteins with a 
low albumin: globulin ratio in chronic nephrosis and chronic ne- 
phritis with edema but not in nephrosclerosis (hypertension kidney). 
Fahr and Swanson found a definite reduction of the total plasma 
protein largely due to loss of serum albumin in 7 of 10 cases of 
acute and subacute glomerulonephritis. In 5 of 9 cases of chronic 
glomerulonephritis the total protein was below 6 mg. Decrease of 
plasma protein evidently does not differentiate lipoid nephrosis 
from glomerulonephritis. 

Epstein beheves that edema is due to loss of albumin in the urine 
and consequent decreased osmotic pressure of the plasma. Low 
plasma protein and edema are both characteristic of lipoid nephrosis, 
but they are often not present simultaneously. A low protein level 
may persist long after edema has disappeared, and intense edema 
may develop before the blood proteins show any change. It seems 
more probable that both conditions are due to some underlying cause 
til an that edema is caused by the low protein level. 

A decrease of plasma proteins with reversal of the albumin :globulin 
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ratio has been found in lobar pneumonia in the complete absence 
of edema and with only a trace of protein in the urine (Geill, 
Kumpf). Evidently a decrease of protein may occur without a loss 
in the urine. It has not been proved that the regeneration of 
plasma proteins is hastened by a high protein diet. 

8. Hematuria: Macroscopic blood is never foimd in lipoid ne- 
phrosis, but some observers have noticed a few erythrocytes in 
microscopic preparations. Glomerulonephritis commonly does not 
show hematuria except in the acute stages and during exacerbations. 

9. Chloride Retention: When edema is prominent there is usually 
a decreased elimination of chlorides in the urine. Since there is no 
increase in the blood it is inferred that the chlorides are retained in 
the tissues. There is a similar chloride retention in glomerulone- 
phritis with marked edema. 

10. Basal Metabolism: The basal metabolic rate was low in 13 of 
the 15 cases in which it was studied (Tables I and II), but this is 
probably of little significance since the authors do not make correc- 
tions for the weight of the edema fluids. G. Fahr * has shown that 
the basal metabolic rate is usually normal if calculations are based 
upon the normal weight of the individual. 

Epstein believes that certain nephroses are related to myxedema 
and that they respond favorably to thyroid medication. 

11. Renal Function: On this point a distinction between lipoid 
nephrosis and chronic glomerulonephritis is usually made. When- 
ever a definite nitrogen retention is demonstrable it is assumed that 
the case is not pure nephrosis but a mixed type (nephritis with ne- 
phrotic Einschla^. But the various authors do not agree as to the 
nitrogen level that is admissible to the nephrotic group. It is to be 
remembered that ordinary mild cases of chronic glomerulonephritis 
often show no nitrogen retention, and it is uncommon to find urea 
nitrogen much above the normal except in advanced stages of the 
disease. 

Bannick and Keith in using a level of 40 mg. of blood urea to sepa- 
rate nephrosis from nephritis may have included some cases of glo- 
merulonephritis with the nephroses. In three instances (Table I), in 
which the postmortem report was pure hpoid nephrosis, there was a 
definite nitrogen retention. In one of my cases (Case I, Table III) 


* Personal communication. 
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which corresponds to pure lipoid nephrosis in every other respect, 
the last blood urea nitrogen was 48.5 mg. 

It is clear that some cases that are anatomically pure lipoid ne- 
phrosis have a moderate nitrogen retention and that many mild 
cases of chronic glomerulonephritis do not. No instance of pure 
lipoid nephrosis with uremia has been reported. It may be con- 
cluded that renal edema with uremia is not pure lipoid nephrosis, and 
that with moderately increased or normal blood nitrogen it may or 
may not belong in this group. 

Phenolsulphonephthalein: In the cases reported (Tables I and 11 ) 
the phthalein excretion is moderately diminished in most instances. 
The lowest observation was 15 per cent. When phthalein is injected 
intramuscularly, edema interferes with its absorption and tends to 
give too low a reading. This may have been the cause of the low 
reading in Case III (Table III), but in Case I (Table III) the phtha- 
lein was injected intravenously. The results with phthalein indicate 
a moderate impairment of renal function. Chronic glomerulone- 
phritis also shows only a moderate decrease of phthalein elimination 
before the final stage begins. 

12. Blood Pressure: It is commonly assumed that when the sys- 
tolic blood pressure is above 140 mm. Hg. in a case which otherwise 
has the characteristics of lipoid nephrosis, it is a mixed type, i. e., 
nephritis with nephrotic Einschlag. Volhard states that hyperten- 
sion is the only symptom by which nephritis with nephrotic Ein- 
schlag may be distinguished clinically from pure nephrosis. Several 
authors have reported clinical cases with high blood pressure as 
lipoid nephrosis, but these have been omitted from Table II. Ap- 
parently no extensive studies have been made to determine whether 
there is an anatomical basis for the exclusion of a case from the 
“pure lipoid nephrosis” group because of hypertension. 

One often sees acute and mild chronic glomerulonephritis with a 
systolic blood pressure below 140 mm. Hg. There is no justification 
for classifying all of these as lipoid nephrosis. 

13. Causes of Death in Lipoid Nephrosis: In the postmortem re- 
ports (Table I) it wiU be noted that eleven of the twenty-four pa- 
tients died of peritonitis. In the cases in which bacteriological 
studies were made the invading organisms were found to be pneu- 
mococci. Volhard states that all his fatal cases died of pneu- 
mococcic peritonitis. Three of my four cases of the pure type and 
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one of three of the mixed type died of peritonitis (Table III). The 
tendency to develop peritonitis seems to be characteristic of pure 
lipoid nephrosis and the mixed type. Of fifty-three examples of 
typical subacute and chronic glomerulonephritis that I have studied, 
none died of peritonitis. 

Over half of the fatal cases reported died of infections other 
than peritonitis, such as pneumonia and septicemia. None died of 
uremia. 

14. Frequency of Lipoid Nephrosis: Volhard states that he has 
seen about a dozen cases. Epstein observed 15 cases of “chronic 
nephrosis’’ among 193 cases of renal disease, but “chronic nephrosis” 
includes amyloid kidney, pure lipoid nephrosis and nephrosis 
with nephrotic Einschlag. McElroy diagnosed lipoid nephrosis 
nineteen times in 600 cases of Bright’s disease. Schlayer saw 
only 6 cases in 300 cases of nephritis and was uncertain of some of 
these. Bannick and Keith report a surprisingly high incidence — 25 
cases of “chronic nephrosis” and 25 cases of “chronic nephrosis of 
mixed type” in about 90 cases of nephritis. The high incidence 
noted by these authors is evidently due to their having included as 
“chronic nephrosis” many cases which others would regard as ordin- 
ary chronic glomerulonephritis. 

I have made postmortem studies on 53 cases of subacute and 
chronic glomerulonephritis, 3 that may be called glomerulonephritis 
with nephrotic Einschlag, 4 of pure lipoid nephrosis and 3 of uncer- 
tain classification. 

15. Duration and Prognosis: The duration of the 24 fatal cases 
(Table I) was as follows : i mo., 3 ; 1-3 mo., 5 ; 3-6 mo., 3 ; 6 mo.-i yr., 

yr-j 7 * Six cases are recorded (Table II) as having re- 
covered completely, but the great majority still had albuminuria at 
the time of the report. Munk thinks that most cases of lipoid ne- 
phrosis end in healing but albuminuria may last for years or decades. 
He mentioned one patient who had albuminuria for ten years but 
was entirely well fifteen years after the onset of her illness. Steinitz 
thinks that the prognosis is good as to life but poor as to recovery 
from albuminuria. Volhard mentioned 6 fatal cases among more 
than a dozen that he had seen. 

The duration of my 4 cases of pure lipoid nephrosis was four weeks, 
seven weeks, five and a half months, and six months, respectively. 
The 3 cases of mixed type lasted seven months, seven months, one 



6x2 


BELL 


year respectively (Table III). Dr. G. Fabr has furnished me the 
record of a patient he has had under observation for four years. He 
was confined to the hospital about one year, with aU the typical 
features of pure lipoid nephrosis. He left the hospital practically re- 
covered and was entirely free of all signs of the disease three years 
later. 

Examples may be found in the older literature of “chronic paren- 
chymatous nephritis” that recovered. Some of these are no doubt 
instances of what is now called lipoid nephrosis. 

i6. Pathological Anatomy: 

{a) Pure Lipoid Nephrosis: The kidneys are always enlarged and 
pale. In one of my cases the combined weight of the two kidneys was 
843 gm. The external surfaces are smooth. The color of the cortex 
varies from pale to yellow. There are always some lipoid droplets in 
the convoluted tubules and they are often in the glomerular epithe- 
lium also, but the amount of fat is not always excessive. There may 
be only a small amount of fat insufficient to give the cortex a yellow 
color. The convoluted tubules and capsular spaces are usually di- 
lated. An outstanding feature is the absence of tubular atrophy. 
Often many of the convoluted tubules are filled with coarse hyaline 
granules, and these granules may also be found in the epithelial cells 
of the glomerular tuft both on the surface and between the loops. 

The glomeruli are described as normal by nearly all the authors 
who have reported cases of pure lipoid nephrosis. In fact, normal 
glomeruli are generally considered necessary to establish the diagno- 
sis of the pure type. However, some observers have realized that 
they are not entirely normal. Stolz fiinds them almost normal but 
containing polymorphonuclear leucocytes. Major and Helwig 
noted that some glomeruli showed swollen endothehal cells and 
others contained lipoid droplets. Munk finds no changes at first ex- 
cept some increase of leucocytes. He states, however, that later a 
definite glomeruHtis may develop that leads to a contracted kidney. 
Volhard finds that the glomerular capillaries are not occluded, but 
the cells may contain hyaline, granular or hpoid droplets. Fahr 
noted minor lesions in individual glomeruli in some of his cases. He 
mentions very slight prohferation, hyaline clumps, coUapsed capil- 
laries and fusion between the glomerulus and its capsule. 

In sections stained with hematoxylin and eosin the glomeruli ap- 
pear to be normal except for an increased number of leucocytes in 
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some of the capillaries, but in sections stained by the anilin blue 
method definite abnormalities can be made out. In Case I the capil- 
laries were filled with swollen endothelial cells heavily laden with 
lipoid droplets (Fig. 2). This corresponds with clinical glomerulone- 
phritis except for the absence of hyaline fibers in the capillaries. 
Case n showed some increase of endothelium and a patchy thicken- 
ing of the basement membrane (Fig. 3). No special stain could be 
made on Case III. Case FV showed a fairly diffuse thickening of the 
basement membrane with narrowing of the capillaries and some in- 
crease of endothelium. 

The lesions are not exactly the same in any two instances, but 
they all show enlargement and increase in number of the endothelial 
cells in some degree as well as thickening of the basement membrane. 

In clinical glomerulonephritis the characteristic lesion is a plugging 
of the capillaries with swollen endothelial cells among which are 
many hyaline fibers (McGregor). There is therefore a fundamental 
resemblance to glomerulonephritis, but the endothelial swelling is 
not so pronounced, there are no hyaline fibers and the capiDary 
lumina are only partially obstructed. 

(b) Nephritis with Nephrotic Einschlag,''^ {Nephritis with Ne- 
phrotic Tendency — Mixed Type ) : Clinically this type is defined as a 
disease with all the features of pure lipoid nephrosis except for the 
presence of hypertension or definite renal insufficiency. I have not 
found any descriptions of the pathological changes in the kidneys. 
Cases V, VI, and VII belong to this group. They differ from pure 
lipoid nephrosis clinically only in the presence of hypertension. Mac- 
roscopicaUy the kidneys cannot be distinguished from those of pure 
lipoid nephrosis. 

On microscopic examination lipoid droplets are foxmd in the tu- 
bules. The glomeruli show transitions to typical glomerulonephritis 
in that entire glomeruli (i case) or parts of glomeruli (i case) may 
show the characteristic lesion of glomerulonephritis. Increase in the 
size and number of the endothelial cells was conspicuous in 2 cases, 
and thickening of the basement membrane was noted in all 3. 
Enlargement of the glomerular epithelial cells was the most con- 
spicuous change in one case. The mixed type, nephritis with nephrotic 
Einschlag, therefore resembles both pure lipoid nephrosis and typical 
glomerulonephritis in that endothelial increase is one of its histo- 
logical features. The histological structure is not fundamentally 
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different from that of pure lipoid nephrosis, but there is more ob- 
struction in the capillary bed. 

On histological grounds one cannot make a sharp distinction be- 
tween glomerulonephritis and either the mixed or pure type of lipoid 
nephrosis. There is a fundamental resemblance in that all three 
types show endothelial swelling and increase. The differences seem 
to be in degree rather than in kind. 

(c) Renal Lesions of Uncertain Type: I have studied 3 cases in 
which the clinical data are inadequate to establish a clinical diagno- 
sis. The kidneys are large and fatty, and there is no tubular atrophy. 
In the older terminology they would be called chronic parenchyma- 
tous nephritis. The glomerular lesions are very prominent. In Case 
VIII (Figs. 8 and 9) the glomeruli are large, and there is an increase of 
endothelial nuclei and a marked thickening of the basement mem- 
brane with narrowing of the capillaries. In Case IX (Figs. 10 and 
11) the thickening of the basement membrane is so extreme that the 
capillaries are almost obliterated. The clinical picture in this case was 
that of lipoid nephrosis, viz,, severe albuminuria, edema, normal 
blood pressure and no nitrogen retention, associated with pernicious 
anemia. However, there was no determination of blood lipoids, and 
the kidneys had only a small amount of fat. 

In Case X (Fig. 12) the epithelial cells are greatly enlarged and 
they show an extreme hyaline and fatty degeneration. The capil- 
laries contain large endothelial cells and hyaline fibers as in clinical 
glomerulonephritis. This case is closely related histologically to 
glomerulonephritis. The enormous accumulation of fat in the kid- 
neys, the edema and the peritonitis are almost sufl&cient to put it in 
the clinical group of lipoid nephrosis. 

These 3 cases raise the question whether all cases with albu- 
minuria, edema, normal blood pressure and large fatty kidneys 
should be regarded as lipoid nephrosis regardless of the type of glo- 
merular lesion present. 

17. Etiology: Munk laid great emphasis upon lues as a causative 
factor but did not think that all cases were due to lues. Lues is con- 
sidered an important etiological factor by Volhard, Fahr, Felber, and 
Karger and UUmann. However, it is shown in Tables I, II and III 
that among twenty-one patients examined for lues only three were 
found to be positive. Syphilis cannot therefore be considered of any 
particular importance in the etiology of Hpoid nephrosis. 
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Several authors hold the view that lipoid nephrosis is a general 
metabolic disturbance in which the kidney is affected but that it is 
not a primary renal disease. Kollert believes that an infection or an 
intoxication causes a prolonged injury of numerous body cells which 
expresses itself as a metabolic disturbance. The renal injury is a 
part of the picture. He offers the same explanation for nephritis with 
nephrotic Einschlag. Knaur does not consider lipoid nephrosis a 
renal disease. He believes that the primary disturbance is hypoten- 
sion with resulting poor filtration of water. Schlayer attributes the 
disease to universal capillary injury. Epstein and Lowenthal regard 
it as a constitutional disease with secondary renal changes, but not 
restricted to the kidney. The features which suggest a constitutional 
disease are the general disturbances such as edema, hypercholesterol- 
emia, alterations in the plasma proteins, etc. 

Volhard and Fahr seem to consider lipoid nephrosis as essentially 
a disease of the renal tubules. 

Lbhlein, in 1918, expressed the opinion that nephrosis and nephri- 
tis with nephrotic Einschlag begin as glomerulonephritis and may 
end with uremia and retinitis. Elwyn has observed several cases of 
lipoid nephrosis which began as acute diffuse glomerulonephritis. 

Clausen stresses the importance of sinus infections. Two of my 
cases and possibly a third began with a common cold, and another 
followed exposure to cold and dampness (Table III). This is not un- 
like the history of acute glomerulonephritis and suggests that infec- 
tion may be the causative factor. 

18. Is Lipoid Nephrosis Primarily a Renal Disease? The writers 
who contend that the disease is a general metabolic disorder with a 
secondary renal disturbance have not properly appreciated the de- 
gree of the renal injury. The glomeruli are regarded as normal, and 
the only renal lesion is considered to be lipoid infiltration of the 
tubules. The disturbance of lipoid metabolism and the changes in 
the blood proteins are regarded as strong arguments in favor of a 
general disorder. 

However, the same disturbances in the blood fats and proteins 
occur in glomerulonephritis, which is certainly a primary disease of 
the kidneys. Lipoid nephrosis shows heavy albuminuria and minor 
disturbances of renal function which must be interpreted as indicat- 
ing renal damage. There are definite and sometimes pronounced 
structural changes in the glomeruli, and there are transitions to glo- 
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merulonephritis both clinically and anatomically. Lipoid nephrosis 
appears to be a renal lesion in which there is partial but not com- 
plete obstruction of the glomerular circulation. Uremia does not de- 
velop, but in some unknown way there develops an increased suscep- 
tibility to infection, especially to peritonitis. 

The Relation of Lipoid Nephrosis to Glomerulo- 
nephritis 

Clinical Relation: It is obvious from the clinical hterature that a 
diagnosis of hpoid nephrosis is made much more frequently by some 
physicians than by others. The usual requirements for the diagnosis 
are albuminuria and edema without definite hypertension or nitro- 
gen retention. When this standard is apphed to acute renal disease 
it undoubtedly includes a great many cases of acute glomerulo- 
nephritis, and when apphed to chronic renal disease it includes some 
mild cases of chronic glomerulonephritis. When defined in this way 
lipoid nephrosis is a fairly common ailment. If, however, we require 
for the chnical diagnosis severe albuminuria, marked edema, normal 
or low blood pressure, no nitrogen retention, hypercholesterolemia 
and low plasma proteins, death from peritonitis or other infections, 
or a prolonged clinical course marked by repeated exacerbations and 
remissions, hpoid nephrosis becomes a rare disease and the kidneys 
at postmortem do not show the characteristic lesions of glomer- 
ulonephritis. 

Even though we accept the restricted definition of hpoid nephrosis, 
we encounter many transition cases which cannot be distinguished 
from glomerulonephritis with certainty. The fact that we recognize 
a mixed type of nephritis and nephrosis (nephritis with nephrotic 
Einsclilag) is an admission that the two diseases blend. The mixed 
type is particularly difficult to define chnicaUy. How high a blood 
pressure or how much nitrogen retention is admissible to this group? 
Both hypercholesterolemia and the decrease of plasma proteins are 
more pronounced in hpoid nephrosis than in glomerulonephritis, but 
the difierence is only in degree. A patient with hpoid nephrosis never 
develops uremia, but there may be a decreased elimination of phe- 
nolsulphonephthalein or a moderate nitrogen retention. The distinc- 
tion based on renal function is also in degree only. In fact the two 
diseases blend in every chnical symptom and test. The chnical evi- 
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dence indicates strongly that lipoid nephrosis is not a distinct disease 
but a form of glomerulonephritis that does not tend to develop 
uremia. 

Pathological Relatiofi: The assumption that the glomeruli in lipoid 
nephrosis are practically normal is largely responsible for the view 
that the disease is entirely different from glomerulonephritis. When 
special stains are used which bring out the histological details of 
glomerular structure it is seen that definite lesions are present in 
every instance (see Table III for summary), but there is no uniform 
histological change characteristic of lipoid nephrosis. 

Typical clinical glomerulonephritis shows uniformly in the acute 
stages a plugging of the capillaries with swollen endothelial cells, 
polymorphonuclear leucocytes and interlacing hyaline fibers (Mc- 
Gregor). In advanced stages the hyaline fibers and the basement 
membrane enlarge and fuse to give rise to a hyaline glomerulus. The 
histological features are, therefore: enlargement and increase in 
number of the endothelial cells, polymorphonuclear leucocytes, 
hyaline fibers and thickening of the basement membrane. In the 
10 nephroses studied (Table III) there was a definite increase in the 
number and size of the endothelial cells in 8. In 8 of 9 cases in 
which the basement membrane was seen it was definitely thickened. 
The thickening was marked in four, and extreme in one instance. 
Hyahne fibers were found in the capillaries in three instances. Two 
of the cases showed small glomerular lesions indistinguishable from 
typical clinical glomerulonephritis, and a third case (Case X) cor- 
responds closely with glomerulonephritis. 

It may be said, therefore, that there are many points of resem- 
blance in the glomerular structure of lipoid nephrosis and glomer- 
ulonephritis. The chief dissimilarity is that the glomerular capil- 
laries are completely obstructed in glomerulonephritis and only 
partly obstructed in lipoid nephrosis. But a partial obstruction to 
the glomerular circulation has a very different effect on the subse- 
quent macroscopic changes in the kidneys and the clinical course 
from that resulting from a complete obstruction. Complete obstruc- 
tion produces hyaline glomeruli, atrophied tubules, contracted kid- 
neys and finally uremia. Partial obstruction does not produce any 
of these four conditions, but the tubules become filled with lipoid, 
and the chnical course is that of lipoid nephrosis. Some years ago 
Lohlein called attention to the fact that a damaged glomerulus that 
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Still functions is associated with a fatty tubule. Every case of 
chronic glomerulonephritis shows such glomeruli with fatty tubules 
(Fig. 13). 

Lipoid nephrosis may therefore be regarded as a form of glomer- 
ulonephritis in which the glomerular capillaries are damaged but not 
completely obstructed. Even from this point of view it is still im- 
portant to recognize t3^ical cases clinically since it is a form of ne- 
phritis that does not terminate in uremia. The patient with this form 
of nephritis either recovers after a prolonged course or dies from an 
intercurrent infection. 

No instance has come under my observation in which a patient 
with the clinical picture of lipoid nephrosis subsequently developed 
a contracted kidney. 

Summary and Conclusions 

1. A survey of recent literature shows a tendency to use ‘‘lipoid 
nephrosis” in a broad way to include all cases of nephritis with 
edema, albuminuria, normal blood pressure and normal blood nitro- 
gen. This clinical definition includes many cases that are anatomi- 
cally acute or mild chronic glomerulonephritis. 

2. All the clinical phenomena of lipoid nephrosis, niz., albumi- 
nuria, edema, normal blood pressure, hypercholesterolemia, decrease 
of the plasma proteins with reversal of the albumin: globulin ratio 
and normal blood nitrogen, may occur in a less pronounced form in 
glomerulonephritis. 

3. There are many transition cases between lipoid nephrosis and 
glomerulonephritis, viz., those that fit the definition of lipoid nephro- 
sis except for the presence of hypertension or moderate nitrogen re- 
tention. These are called the mixed type, or nephritis with a nephro- 
tic Einschlag. From the clinical standpoint the two diseases cannot 
be sharply separated. 

4. A histological study has been made of 10 cases of large, fatty 
kidneys, without tubular atrophy, that were clinically nephritis. 
Four of these are classed as pure lipoid nephrosis, 3 as nephritis 
with nephrotic Einschlag (mixed t3q)e) and 3 as of uncertain type 
because of lack of clinical data. 

5. The glomeruli are not normal in any instance, but the lesions 
are not of uniform type. 
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6. In pure lipoid nephrosis there is a varying increase in the 
number and size of the glomerular endothelial cells and an uneven 
thickening of the basement membrane, 

7. In the mixed type (nephritis with nephrotic Einschlag) there is 
a marked thickening of the basement membrane. In one instance 
the capillaries were compressed by enlarged epithelial cells. In two 
instances there was a definite increase in the number and size of the 
glomerular endothelial cells, and a few areas in the glomeruh showed 
the changes characteristic of t3^ical clinical glomerulonephritis, 
i. e., capillaries filled with endothelial cells and a network of hyaline 
fibers, 

8. Three large non-contracted kidneys were studied in which the 
data were insufficient to determine whether they should.be classed as 
lipoid nephrosis. Two of these showed extreme thickening of the 
basement membrane. The third showed an enormous accumulation 
of fat in the tubules and glomeruli, large glomerular epithelial cells 
with hyaline and fatty degeneration, and leucocytes and hyaline 
fibers within the capillaries as in glomerulonephritis, 

9. Lipoid nephrosis is to be regarded as a form of glomerulone- 
phritis in which the glomeruli are damaged but their capillaries are 
only partially obstructed so that they continue to function and 
tubular atrophy does not occur. 
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DESCRIPTION OF PLATES 
Plate 107 

Fig. I. Case I. A-28-647. Pure lipoid nephrosis. Hematoxylin-eosin stain. 
Photomicrograph. The capillaries are largely filled with mononuclear cells 
with a very pale vacuolated cytoplasm. 

Fig. 5. Case VI. A-28-183. Mixed type — Nephritis with nephrotic Ein- 
schlag. Photomicrograph. Partial occlusion of glomerular capillaries by 
swollen endothelial celk. Diffuse tubular atrophy. 

Fig. 7. Case VII. A-i 7-145. Photomicrograph. Adhesion of glomerulus to 
its capsule. The solid portion of the tuft at the site of the adhesion has the 
structure of typical glomerulonephritis. 

Fig. 8. Case VIII. A-27-5ri. Renal lesion of uncertain type. Photomicro- 
graph. Great increase in number of nuclei. Marked narrowing of the capil- 
laries. 
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Fig. 2. Case I. A-28-647. Pure lipoid nephrosis. Mallory’s anilin blue 
(Heidenhain, azan-carmine) . Drawing of lobule of glomerulus (high magni- 
fication). The cells filling the capillaries are shown to be of endothelial 
origin. The vacuoles in the cytoplasm were occupied by lipoid droplets. 
The majority of the swollen cells (End. a.) are still firmly attached to the 
basement membrane, but a few are almost completely detached (End. f.) or 
entirelj’’ free. The basement membrane (B. M.) shows a moderate uneven 
thickening. The capillarj'’ lumina (L.) are markedly obstructed. The 
epithelial cells (Ep.) are inconspicuous. 

Fig. 3. Case II. A-28-5. Pure lipoid nephrosis. Mallory’s anilin blue (Heiden- 
hain azan-carmine). Drawing of part of a glomerulus (high magnification). 
A number of epithelial cells are seen (Ep.). There are many more endothe- 
lial nuclei (End.) than are seen in a normal glomerulus. One large endothe- 
lial cell is shown occluding a capillary (End. a.). The basement membrane 
(B. M.) is moderately thickened throughout, and in several places it shows 
very marked thickening (B. M. t.). There is partial occlusion of the lumina 
of some of the capillaries. 

Fig. 4. Case V. A-28-193. Mixed type — Nephritis with nephrotic £j;7^c///ag. 
Drawing of part of a glomerulus. Stain as in Fig. 3. Prominent glomerular 
epithelium (Ep.). Increased number of endothelial nuclei. Thick base- 
ment membrane (B. M.). Ery., Erythrocytes. 

Fig. 6. Case VI. A-28-183. Mixed type — Nephritis with nephrotic £fH5c/;/ag. 
Drawing of part of a glomerulus. Stain as in Fig. 3. Increased number of 
endothelial nuclei (End.). Marked thickening of basement membrane 
(B. M.). Polymorphonuclear leucocyte (P. M. N.). Ery., Erythrocyte; L., 
lumen of capillar3^ 

Fig. 9. Case VIII. A-27-511. Renal lesion of uncertain D^ie. Drawing of part 
of a glomerulus. Stain as in Fig. 3. Extreme thickening and duplication of 
the basement membrane (B. M.). Marked narrowing of lumina of capilla- 
ries (L.). Great increase of endothelial nuclei (End.). 

Fig. II. Case IX. A-26-827. Renal lesion of uncertain type. Drawing of part 
of a glomerulus. Stain as in Fig. 3. The appearances are similar to Fig. 9, 
but the thickening of the basement membrane is more extreme, the lumina 
of the capillaries are smaller, and the endothelial nuclei are less conspicuous. 
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Fig. 10. Case IX. A-26-827. Renal lesion of uncertain type. Photomicro- 
graph. The glomeruli are of hyaline appearance, but the capillary bed is not 
completely obstructed. Large convoluted tubules. 

Fig. 12. Case X. A-27-305. Renal lesion of uncertain type. Photomicro- 
graph. Enormous enlargement of glomerular epithelial cells. Narrowing 
and occlusion of capillaries. 

Fig. 13. Chronic glomerulonephritis. Photomicrograph. Glomerulus with its 
associated tubule. The capillaries are markedly narrowed but not com- 
pletely occluded. The tubule is dilated, and its cells are filled with lipoid 
droplets. 
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CARBON TETRACHLORIDE POISONING WITH MACROSCOPIC 
FAT IN THE PULMONARY ARTERY* 

H. E. MacMahon, M.D., and Soma Weiss, M.D. 

{From the Pathological Laboratory and Thorndike Memorial Laboratory of the Boston 

City Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass.) 

Since the recent widespread use of carbon tetrachloride in the 
treatment of hookworm disease in animals and in man, our knowl- 
edge of the pharmacolo^cal and toxic effect of this drug is rapidly 
increasing.^’ ® It is now estabhshed that the toxic mani- 

festations are not due to impurities but that they are. normal toxico- 
logical characteristics of carbon tetrachloride.'^’ ® Clinical and 
experimental evidence indicate that the toxicity of carbon tetrachlo- 
ride increases considerably when given with fatty substances or with 
alcohol, and in man most of the untoward reactions and fatal acci- 
dents occurred in chronic alcoholics who had taken alcohol before 
and after the administration of the drug.^° 

The symptoms of poisoning in man usually appear twelve to 
thirty-six hours after the ingestion of the drug, and these are char- 
acterized by nausea, vomiting, abdominal pain and tenderness. 
Later jaundice appears. 

The most prominent histological changes are found in the liver, 
but the cortical cells of the adrenal as well as the kidneys are also 
involved, though to a less marked degree. The blood may be rich 
in bile pigments, but so far as we know no observations have been 
reported which show a high fat content of the blood as the result of 
carbon tetrachloride poisoning. 

The case studied is of interest not alone on account of the com- 
pleteness of the clinical and postmortem observations but also be- 
cause of the high fat content of the blood and the unusual distribu- 
tion of this fat in the vascular bed. 

Report of Case 

Clinical History: F. McG., a laborer, 34 years of age, was admitted in a 
stuporous condition to the Boston City Hospital, October 29, 1928. His chief 
complaints were pain in the abdomen and persistent nausea and vomiting. 

* Received for publication July 8, 1929. 
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He has always been exceptionally strong and well, losing work only through 
periods of intoxication. During the last four years the patient has indulged in 
alcoholic debauches periodically. The most frequent beverages were “Noonan’s 
Hair Petrol” and denatured alcohol. The patient was admitted to the hospital 
for one night, one week preceding his present entrance. After leaving the hospi- 
tal he again drank for three days and on the morning of the third day he drank 
approximately one ounce of “Carbona” (carbon tetrachloride) in a glass of 
milk. The same evening he began to feel ill while at a friend’s house, but was 
able to walk home. The following morning a physician was called because the 
patient suffered continuous abdominal pain, with hiccoughs, nausea and vomit- 
ing. The next day these symptoms had temporarily disappeared, but during the 
evening the pain and nausea recurred, associated mth violent attacks of vom- 
iting. The third day after ingesting carbon tetrachloride he became semi- 
comatose and was removed to the hospital. 

The family and past history were quite unessential and have little or no bear- 
ing on the present illness. 

Physical Examination: When examined, he appeared to be well developed 
and nourished. He was lying quietly, resented any disturbance and was able to 
answer questions only occasionally. He frequently hiccoughed and vomited 
foul-smelling, dark fluid material suggesting old blood. His eyes and skin were 
moderately jaundiced. The skull and hair were normal. The pupils reacted to 
light but the reaction to accommodation could not be tested. The movements 
and fundi of the eyes were normal. The nostrils were filled with blood-stained 
exudate; the breath had a bad odor and the mouth and tongue were coated with 
a brownish material. The pharynx could not be observed because any attempt 
at examination induced vomiting. 

The thorax was symmetrical and the respiratory expansions were normal. 
The liver dullness was at the fourth rib in front on the right, and at about the 
ninth thoracic vertebra behind on both sides. Resonance and breath sounds 
were normal. 

The heart apex was felt in the fourth space in the nipple line. There was no 
apparent enlargement to percussion and the cardiac sounds were of fair quality 
and regular. The systolic blood pressure was 150 nun. of mercury and the dias- 
tolic go. 

The abdomen was much distended and tympanitic. Shifting dullness in the 
flanks and a fluid wave in the lower quadrants were both elicited. The liver edge 
was felt about two inches below the costal margin on the right. The other or- 
gans were not palpated since even slight manipulation seemed to induce vomit- 
ing. The genital organs were normal, and a rectal examination revealed no ab- 
normal findings, though the patient frequently passed black fluid feces. 

The extremities were equal and well developed, and the reflexes were normal. 

At the time of admission the temperature was 101° F, which remained essen- 
tially unchanged. The heart rate ranged between 100 and no, and the respira- 
tions rose to 30 terminally. 

Laboratory Findings: Two specimens of urine showed traces of albumin. The 
white blood cell count was 13,700 cells per cmm., the red blood cell count 4,600,- 
000 per cmm. with a hemoglobin content of go per cent; and the blood platelets 
were normal. The non-protein nitrogen at the day of death was 115 mg. per 
100 cc. of blood. The Kahn test of the blood for S5rphilis was negative. The 
stools showed a four-plus guaiac test. 
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Progress Note: The day after admission the patient became still more un- 
comfortable and lapsed gradually into almost complete coma. The jaundice 
became more intense, cyanosis appeared and death followed on October 31, 
forty-eight hours after admission. 

An autopsy was performed six hours postmortem.* 

Autopsy Report 

The body is that of a large, well developed and well nourished, 
deeply jaundiced, white, adult male. 

Peritoneal Cavity: The surfaces are smooth and bile-stained. The 
pelvis contains about 15 cc. of reddish brown watery fluid. The dia- 
phragm on the right and left is at the third and fourth intercostal 
spaces respectively. The lower margin of the liver is 2 cm. below 
the costal margin in the right midclavicular line and 4 cm. below 
the tip of the xiphoid process. 

Pleural and Pericardial Cavities: Negative. 

Heart: Weight 380 gm., is normal in size and contour. A few dis- 
crete petechial hemorrhages lie in the epicardium over the right 
auricle. The endocardium and valve leaflets are discolored greenish 
brown. Early atheromatous lesions may be followed along the cor- 
onary arteries. 

Lungs: The lungs are moderately voluminous, heavy, edematous 
and congested. Scattered punctate hemorrhages are abundant be- 
neath the pleura of both lower lobes. The fresh surfaces are dark 
red and exude frothy, blood-tinged, watery fluid. The mucosa of 
trachea and bronchi is deep maroon. The peribronchial lymph 
nodes are slightly enlarged, soft and imusually red. 

Liver: Weight 2600 gm. This organ is imifomoly enlarged, rather 
soft, smooth, greasy and opaque yellow. The fresh surfaces show in 
addition to the fat, considerable congestion which stands out as a 
fine red stippling against a yellow background. 

Kidneys: Weight 400 gm. They are both enlarged and quite firm. 
The capsules strip spontaneously from smooth yellowish red sur- 
faces. On section, the cortex is thickened, yellow and opaque and is 
sharply differentiated from the clearly defined and congested pyra- 
mids. The cortex varies from 0.8 to i cm. in thickness. 

Adrenals: Negative. 

* The autopsy was performed by Dr. T. Leary, to whom we are indebted for per- 
mission to report his findings. 
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Aorta: This is thin, smooth, elastic and bile-stained. 

Alimentary Tract: There are a few superficial linear erosions along 
the lower end of the esophagus. A point at the lower end of one of 
these is surrounded by a sniall hemorrhage, and on washing away 
the blood, a tiny bleeding point is visible. The stomach contains 
about 500 cc. of dark brown fluid. 

The Blood: The blood was separately collected and transferred 
into measuring cylinders from the pulmonary artery, right ventri- 
cle, vena cava inferior close to its entrance into the auricle, vena 
cava inferior close to the iliac veins, and from the pulmonary veins 
and left ventricle. The bile and blood-stained duodenal contents 
were also saved for examination. 

Within a few minutes the yellow fat in the blood rose to the sur- 
face and solidified. It was surprising to observe that as high as 64 
per cent of the total blood volume obtained from the pulmonary 
artery and 25 per cent of that obtained from the upper end of the 
inferior vena cava was pure fat. Specimens of blood from other 
sources showed no gross fat. While these figures show only approxi- 
mate percentages because of the presence of clots in the venous sys- 
tem, they serve to demonstrate the high fat content of the blood in 
these vessels. 


Report oe microscopic Findings 

Sections were fixed in Zenker’s fluid, neutral formalin and alcohol- 
formalin, and embedded in both paraffin and celloidin. Hematoxy- 
lin and eosin, and eosin and methylene blue were the routine stains 
employed, while frozen sections of formalin-fixed material were 
stained with Sudan IV and Nile blue sulfate. 

The most interesting lesions are found in the fiver, lungs, brain, 
kidneys and adrenals. Unfortunately, early postmortem changes 
have occurred in many of the organs. 

Liver: In the eosin-methylene blue preparations little more than 
a coarse reticulum framework coated by eosin-staining granular 
debris represents all that is left of the central and mid-zones of the 
lobules; here, the picture is more suggestive of lung tissue than 
normal fiver. The extreme peripheral portions of the lobules are 
better preserved, and the ceUs bordering the portal connective tis- 
sue are more nearly normal and show signs of regeneration charac- 
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terized by an occasional mitosis. Cells of the outer zone, which he 
more distant from the portal areas, are greatly distended with large 
and smaU clear vacuoles. This zone also shows a slight infiltration 
with endothehal and polymorphonuclear leucocytes. There are 
small clmnps of alcohoHc hyahn in the cytoplasm of a few of the 
liver ceUs. 

In the frozen sections of the liver stained with Sudan IV, the 
central and mid-zones of the lobules are filled with large and small 
irregular confluent globules of fat. Nearer the periphery the fat 
droplets are more discrete, more uniform in size and are stiU within 
the cytoplasm of the liver cells. The hepatic veins are fiUed with 
fat, in contrast to the branches of the portal vein and hepatic artery 
which contain none. With Nile blue sulfate the greater portion of 
the fat stains pink, whereas only toward the periphery of the lobule 
does it stain blue, and here it appears as fiine and coarse granules. 

Trachea and Lungs: The epithelium has largely desquamated 
from the surfaces of the trachea and larger bronchi. The underlying 
vessels are congested and the submucous connective tissue is infil- 
trated with serum, fibrin and red blood cells. Here and there, small 
groups of alveoli are filled with freshly extravasated blood. 

Sections of varying thickness stained with Sudan IV show that 
while the larger branches of the pulmonary artery contain masses of 
fat, many of the smaller branches are completely filled; the alveolar 
capillaries contain but rarely minute fat droplets. There is no visi- 
ble fat in the alveolar spaces, even in the areas of hemorrhage, nor 
are there areas of infarction necrosis. 

Kidneys: Both the glomerular capsules and tubules contain pre- 
cipitated albmnin, while the tubules in addition contain homogene- 
ous and coarsely granular eosin-staining casts, a few desquamated 
epithelial cells and an occasional endothelial leucocyte. The tubular 
epithelium is granular and shows a rare mitotic figure. 

When stained for fat, small fat cylinders are visible within the 
glomerular capillaries, and fatty casts are present in the collecting 
tubules. The cytoplasm of the cells lining both the convoluted and 
collecting tubules is filled with small fat droplets. 

Brain: Sections of the brain embedded in paraffin and stained 
with eosin-methylene blue show no pathological lesions. In sections 
stained with Sudan IV, small fat droplets are quite commonly seen 
within the capillaries. 
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Adrenals: Apart from an occasional mitotic figure among the 
cells of the cortex, there is no other pathological finding. 

Esophagus: The epithelium is desquamated and the vessels are 
everywhere congested. Lymphocytes, endothelial and polymor- 
phonuclear leucocytes and red blood cells infiltrate the submucous 
connective tissue. 

Microscopic Diagnoses: Alcoholic cirrhosis (early) ; toxic hepatitis; 
visible fat in vessels of the liver, lung, brain and kidney; tubular 
nephritis with fatty degeneration of the tubular epitheliiun; hemor- 
rhages into the submucosa of the trachea and bronchi, and also into 
the alveolar spaces of the lungs; toxic reaction of the adrenals, and 
superficial ulceration of the lower end of the esophagus. 

Discussion 

The most interesting patholo^cal lesions are in the liver, and the 
study of this organ may largely explain the unusual fatty state of 
the blood seen at the time of the autopsy. Carbon tetrachloride, in 
large amounts, is known to exert a distinctly toxic action on the 
liver, and simulating chloroform in its action it first produces de- 
generative changes in the cells of the central zones which later ex- 
tend through the mid-zone into the periphery of the lobule. In 
small amounts, the liver cells in the central and mid-zones may show 
simply fatty degeneration, whereas when large quantities are ab- 
sorbed it causes rapid degeneration and necrosis. 

This case is probably best explained on the basis that the patient 
had a large fatty liver of the type sometimes seen in early alcoholic 
cirrhosis. The carbon tetrachloride caused degeneration and nec- 
rosis of -the cells of the central and mid-zones allowing the individ- 
ual fat droplets to coalesce into larger and irregular masses. This 
liberated fat gained an easy access to the hepatic system of veins 
and consequently was carried along into the right side of the heart 
and out into the pulmonary circulation. 

The fact that only a negligible amount of the fat reached the left 
side of the heart was probably due to the large size of the fat glob- 
ules, and this also explains why the fat gradually increased in amount 
in the larger pulmonary arteries. 

The small hemorrhages in the epicardium, the connective tissue of 
the mediastinum, beneath the serosa of the jejunum, and in the 
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lungs, may be explained either on the basis of an acute cholemia, 
or an acute toxemia; in the case of the lungs, however, the possibil- 
ity of fat emboli must also be considered. 

In the systemic circulation, fat was seen in the vessels of nearly 
all the organs as very minute droplets. These minute droplets may 
have reached these organs as a result of their passage through the 
pulmonary capillaries, or may have formed in the blood from stiU 
smaller droplets, due to the action of carbon tetrachloride on very 
minute fat globules present in the circulation. Although a few of 
the capillaries in the brain and in the glomerular tufts of the kidneys 
revealed even larger droplets which seemed to occlude the liunina, 
there were no visible embolic lesions. 

The superficial ulcerations occurring along the folds of the lower 
end of the esophagus in cases of chronic alcoholism associated with 
vomiting have been described recently by Mallory and Weiss.^^ 
They are considered to be of mechanical and chemical origin and 
may be the site of fatal hemorrhages. 

Summary 

1. The gross and microscopic findings are described in an un- 
usual case of carbon tetrachloride poisoning in which the blood in 
the right side of the heart and larger pulmonary arteries contained 
an extremely high percentage of fat (60 per cent). 

2. The severe damage to the liver, which was already large and 
filled with fat, was the probable source of the fat in the vascular 
system. 

3. Fat droplets that were small enough to pass through the capil- 
laries of the lung and to gain entrance into the capillaries of other 
organs produced no microscopic lesions in either the heart, brain or 
kidney. 

4. It appears from these observations that the sensitiveness of 
alcoholic patients to carbon tetrachloride is increased not only be- 
cause of increased absorption of the drug, as weU as the S3mer^stic 
action of alcohol and carbon tetrachloride together in producing 
liver damage, but also because of the possible presence of preexisting 
liver damage. 

We are indebted to Dr. F. B. Mallory for the photomicrographs, 
and to Miss Marion Lamb for technical assistance. 
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DESCRIPTION OF PLATES 
Plate no 

Fig. I. Low power drawing of the lung, stained with osmic acid, showing 
several large, irregular fat globules nearly filling one of the smaller branches 
of the pulmonary artery. Scattered endothelial leucocytes containing car- 
bon pigment lie in the adjacent stroma. 

Fig. 2. Photomicrograph of an area of the liver from a typical case of fatty 
alcoholic cirrhosis. The fat droplets are regular in distribution and of a 
fairly uniform size. Sudan IV. x 250 

Fig. 3. Photomicrograph of an area from the liver of the case reported. The 
contrast between this and Fig. 2 is quite marked. The fat is irregular in 
distribution and is very imeven in the size of globules. Sudan IV. x 250. 



Asierican Journal of Pathology. Vol. V 


Plate iio 




Plate hi 

Fig. 4. Blood removed from the pulmonarj’^ artery, showing about 60 per cent 
fat. 

Fig. 5. Blood removed from the pulmonarj'^ vein, showing no visible fat. 

Fig. 6. Blood removed from the upper portion of the inferior vena cava shov.’- 
ing about 25 per cent fat. 

Fig. 7. Blood removed from the lower portion of the inferior vena cava. The 
amount of gross fat is negligible. 

Fig. 8. Specimen of bile removed from the gall bladder, showing no visible 
fat. 

Fig. 9. Blood-stained contents of the duodenum and jejunum, showing a 
narrow rim of fat along the surface. 
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EXPERIMENTAL OBSTRUCTIVE CIRRHOSIS* 

H. E. MacMahon, M.D. 

{From the Pathological Laboratory of the Boston City Hospital, Boston, Mass.) 

John S. LA^VBENCE, M.D. 

{From the Thorndike Memorial Laboratory of the Boston City Hospital, and the Depart- 
ment of Medicine, Harvard Medical School, Boston, Mass.) 

AND S. J. Haddock, M.D, 

mxOW OF NATIONAI. RESEAECH COUNCn, 

{From the Department of Experimental Surgery, Harvard Medical School, Boston, Mass) 

The term “obstructive cirrhosis’’ has been chosen to indicate 
that type of cirrhosis which occurs in a liver simply as the result of 
prolonged obstruction to the outflow of bile. The term “biliary 
cirrhosis” has been avoided because it has come to be used in a 
rather loose manner to indicate any form of cirrhosis which is con- 
fined largely to the portal areas, irrespective of the cause. 

Already a great deal of work has been done in this field of pathol- 
ogy, much of which was carried out years before aseptic precautions 
were observed in experimental surgery. And yet, in spite of the 
rather crude surgical technique of earlier workers, and in spite of 
infections, hemorrhages and biliary fistulae, the results obtained 
sixty years ago were not essentially different from those which have 
been reported in recent years. 

Literature 

In the year 1866, Leyden ^ and Wyss ^ working independently, 
reported their findings in dogs following obstruction of the common 
duct. Many of their animals became infected and died early; a few, 
however, that lived longer showed lesions which were described as 
biliary cirrhosis of the liver. Mayer,^ six years later, repeated their 
work and in the few animals that survived he foimd similar lesions. 
In 1873, Legg ^ reported the microscopic lesions foimd in the livers 
of cats following ligature of the common duct, and according to this 
worker, “the most important change is an increase in connective 
tissue which can be made out within a few hours, and which pro- 
gressively increases destroying the tissue of the liver before it.” 

* Received for publication July 8, 1929. 
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* In almost every succeeding year a paper has appeared dealing 
with this problem in pathology; however, reference wiU be made 
here only to those papers which discuss the histological changes as 
they are found in the liver of the guinea pig and other mammals. 

Charcot and Gombault ® in 1876 described three separate lesions; 
first, areas of necrosis; second, an increase in connective tissue con- 
fined largely to the interlobular areas; and lastly, an increase in bile 
ducts. Chambard,® a year later, verified these findings and in addi- 
tion found mucous droplets within the cytoplasm of the liver cells 
and an interlobular increase in connective tissue, an observation 
later substantiated by Beloussow.^ Litten® and Steinhaus® re- 
ported similar lesions except that they were unable to find an appre- 
ciable increase in connective tissue, whereas Bauer writing in 
1882, considered the increase in connective tissue to be the out- 
standing feature. Lahousse,^^ differing from all earlier writers, 
found solely an increase in connective tissue without any change in 
the bile ducts. 

Harley in 1898, and later in 1901, was one of the first to 
adopt an aseptic technique in the ligation of one hepatic duct in 
dogs and cats. He gave no bacteriological report but described a 
form of cirrhosis characterized by an interlobular fibrosis, a dilata- 
tion of the ducts and an atrophy of the liver cells. 

Jagic,^^ Tischner,^® and later Richardson in 1911, and Rous and 
Larimore in 1920 ligated the bile ducts of rabbits and found le- 
sions essentially similar to those previously reported by Charcot 
and Gombault. 

Ogata took up a similar study in guinea pigs. He ligated the 
common duct in four animals; the first died in forty-eight hours 
with generalized peritonitis; the second, after the same length of 
time, showed no appreciable gross lesions; the third and fourth died 
suddenly on the fifth and eighteenth days respectively as a result 
of perforated gaU bladders. His findings warrant a more detailed 
description although the possibility of infection and free bile in the 
peritoneal cavity must be considered as possible additional factors 
responsible for the histological lesions he described. After forty- 
eight hours obstruction he found typical areas of necrosis confined 
largely to the periphery of the lobules, scattered mitoses in the liver 
cells, and dilatation of the interlobular bile ducts. At the end of 
the fifth day, the areas of necrosis were bordered by encroaching 
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granulation tissue, the connective tissue had increased in the portal 
areas, and there was a new growth of bile ducts, of which only a few 
made connections with the liver cells. At the eighteenth day, the 
lobules were reduced to one-half their normal size by the increase 
in bile ducts and connective tissue. The new bile ducts were de- 
scribed as being very tortuous and irregular, and the many new 
sprouts extending out into the connective tissue resembled branches 
of a tree. At this later stage the necrotic areas were much less nu- 
merous. 

Foa and Salvioli in 1877 called attention to the fact that vari- 
ous experimental animals react differently following ligature of the 
common duct. This was an important observation for it must be 
considered in interpreting the apparently contrary conclusions ar- 
rived at by various workers using different animal species. 

Ogata carried out a series of experiments similar to those per- 
formed in guinea pigs, using rats, rabbits, dogs, mice, pigeons and 
frogs, and found the usual necrotic areas in all animals except the 
dogs, frogs and mice; in the mice, however, the period of post-opera- 
tive survival was but a few hours. There was a prominent and 
early increase in bile ducts in the rats and rabbits, whereas there 
was no such finding in either the pigeons, frogs or in a dog that lived 
but a week; however, the number of bile ducts was slightly in- 
creased in a dog that survived for thirty-five days. An increase in 
connective tissue was observed in all the animals which showed an 
increase in bile ducts. 

From a review of this wide group of experiments it is apparent 
that as a result of prolonged bile stasis the liver does show definite 
changes that vary somewhat in different animals, both in respect to 
the histological findings and in the rapidity with which they are pro- 
duced. However, in spite of the fact that almost identical lesions 
have been observed by many workers in different countries and at 
different times, there is no general agreement in either the interpre- 
tation or explanation of their findings. 

Report of Experimental Work 

Large healthy male guinea pigs were used because in these animals 
the lesions appear early, infection is infrequent, and the period of 
survival is sufficiently long to permit the changes becoming well 
advanced. 
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With the animals etherized, the peritoneal cavity was opened; 
the common duct was carefully isolated and ligated just at its en- 
trance into the duodenum. The animals were afterwards kept sep- 
arately and given their usual diet of greens, grain and water. 

In an attempt to study the earliest changes in the liver, and to 
follow the lesions from day to day, the first animals to be examined 
were autopsied twelve hours after the operation, while others were 
autopsied every twenty-four hours thereafter for a period of twelve 
days. At the time of the autopsy, cultures were taken from the peri- 
toneal cavity and liver and grown both aerobically and anaerobi- 
cally. Moreover, only those animals were included in which there 
was no obvious infection, hemorrhage or free bile within the peri- 
toneal cavity, and lastly, in which all cultures were sterile. 

To obtain good fixation of tissue, the animals were bled at the 
time of the autopsy and pieces of tissue were placed immediately in 
formalin and in Zenker’s solutions. The gall bladder in some of the 
animals was opened and the liver sectioned immediately; in others, 
the biliary system was preserved intact, in which case the portal 
vein was perfused with saline followed by Zenker’s solution. In 
others, the portal vein was injected with India ink and the fiver was 
preserved in toto, while in still others, a rather unsuccessful attempt 
was made to replace the bile and distend the biliary system with a 
suspension of ink in agar. To ensure that ligation had been com- 
plete, the duodenum was opened and pressure was applied to the 
gall bladder and common duct above the ligature, while an attempt 
was made to pass a small probe from the ampulla of Vater beyond 
the point of constriction. 

Sections were embedded both in paraffin and in celloidin and 
stained with eosin and methylene blue and hematoxylin and eosin, 
while frozen sections of formalin-fixed material were stained with 
Sudan IV and Nile blue sulfate. 

Pathological Report 

This is based on a total of twenty “test” animals in which the 
period of survival after ligation of the common duct ranged from 
twelve hours to twelve days and is confined to an examination of the 
fiver and extrahepatic biliary system. 

The most outstanding lesion was the marked distention of the 
extrahepatic biliary system, which was observed as early as twelve 
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hours and found of even a greater degree in the animals that sur- 
vived longest. In two of the animals which have not been included 
in the series, the gall bladder had ruptured, a finding not infre- 
quently reported by former workers. 

The liver becomes slightly enlarged in from twenty-four to forty- 
eight hours after ligation. At this time its surface is smooth and 
the capsule seems distended; later, after eight, ten and twelve days, 
the surface is very finely stippled, not unlike fine Morocco leather. 
The liver is bile-stained, but the color, unlike that caused by human 
bile, appears yellowish broivn. Small, rather irregular, yellowish 
white areas, varying from i to 3 mm. in diameter are distributed 
beneath the capsule of the liver. At first there is no irregularity in 
the capsule over these anemic areas, but after several days the 
smooth capsular surface shows a very shallow pitting. 

During the first few days there is no appreciable change in the 
consistence of the fiver but later it becomes firmer and offers more 
resistance to cutting. When a fiver is sectioned before fixation, 
watery yeUow bile flows freely from the dilated ducts, the organ 
shrinks slightly and the ducts become partially collapsed. If, how- 
ever, the fiver is fixed before sectioning, the ducts and vessels re- 
main distended even though the bile mostly escapes. When the 
portal vein was perfused with ink, the only portions of the fiver 
that did not become discolored were the small scattered areas of 
necrosis. 


Microscopic Report 

Large Bile Ducts: The earliest and perhaps most important 
change to appear, and one that probably begins as soon as the com- 
mon duct is ligated, is a gradual and progressive dilatation of both 
the extra- and intrahepatic biliary systems. With the gradual dis- 
tention of the ducts, the epithelium at times becomes definitely 
flattened, and mitoses are quite numerous. Both the surrounding 
fibroblasts and fiver cells show signs of this expansion; they are 
stretched, elongated and more compact than usual. 

Areas of Necrosis: Great emphasis has always been given to large 
and small areas of necrosis that are commonly found in the peri- 
phery of the lobule. Because they occur very early and form rather 
outstanding histological lesions they are described here; however, 
they are of slight importance. In the twelve-hour guinea pig these 
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areas of necrosis are scattered throughout the entire parenchyma. 
They vary in size, some involving only a few cells, others an entire 
lobule. The liver cell is the first to show degenerative changes; 
later the endothelium lining the sinusoids; lastly, the reticulum 
framework, and when the lesion is centered about a small portal 
area the blood vessel is thrombosed, its wall necrotic, and even the 
small terminal bile duct epithelium may show both cytoplasmic and 
nuclear degeneration. A few of these areas contain scattered ex- 
travasated red blood cells, usually at the periphery. The most re- 
cent necrotic areas show no cellular reaction, a little later poly- 
morphonuclear leucocytes are seen at the periphery, whereas after 
twenty-four to forty-eight hours the margin is infiltrated with both 
polymorphonuclear and endothelial leucocytes. 

These areas of necrosis are formed largely within the first twenty- 
four hours after ligation ; however, new areas do appear even up to 
twelve days. They do not seem to increase in size. On the contrary, 
those which are several days old are smaller, the adjacent liver cells 
have proliferated and a dense infiltration of endothelial leucocytes 
bordering the periphery have phagocytosed and removed much of 
the necrotic cellular debris. 

Terminal Bile Ducts: The first change to occur in the bile ducts, 
apart from the simple dilatation, is a proliferation of the bile duct 
epithelium. This is shown by the presence of occasional mitoses as 
early as twenty-four hours. In forty-eight hours the bile ducts are 
already unusually prominent and mitoses are very numerous. On 
the third day bile is sufficiently concentrated in the distended ducts 
to become easily visible, and the bile duct epithelium shows still 
greater proliferation. With each successive day there is continued 
proliferation of the bile duct epithelium although after the tenth 
day mitoses are less numerous. With this great proliferation of the 
bile duct cells there is a marked elongation of preexisting bile ducts 
with an apparent increase in their number. The terminal bile ducts 
of a normal guinea pig’s liver are not always within the portal area; 
frequently they are seen traversing the peripheral zone of the lobule. 
This is important in interpreting the lesion sometimes seen in the 
peripheral zones during the later stages of biliary obstruction, be- 
cause these apparent aberrant ducts, like the ducts lying within the 
portal areas, elongate, become tortuous, coiled and much more 
prominent. W^ith this apparent increase, elongation and tortuosity 
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of the bile ducts, the portal areas are enlarged, they link up one with 
another dividing the liver parenchyma into separate and discrete 
lobules about two-thirds of the normal size. 

Bile Capillaries: The bile capillaries lying between the liver cells 
are followed with difficulty during the first few days of obstruction, 
but later they become more clearly defined. A finding that is quite 
different from the picture seen in the human liver during biliary ob- 
struction is the marked dilatation of that portion of the bile capil- 
lary adjacent to the portal area. In this area, the bile capillaries are 
distended into small cyst-like spaces with the bordering liver cells 
so flattened that it is difficult to distinguish them from proliferating 
bile duct epithelium. 

Connective Tissue: The connective tissue in the portal areas is 
not appreciably increased until about the sixth day, although mi- 
toses are found occasionally in fibroblasts as early as the third day. 
In the early stage this proliferation and increase in connective tissue 
is a relatively less prominent feature than the apparent increase in 
bile ducts, whereas later, in the ten and twelve-day animals, both 
bile ducts and connective tissue appear equally conspicuous. More- 
over, resembling in distribution the dilated and elongated bile ducts, 
the connective tissue is confined to the interlobular areas. 

The Liver Cells: As early as twelve hours the liver cells in the cen- 
tral and mid-zones are swollen, the cytoplasm is finely granular and 
contains small droplets of bile; later, hydropic degeneration of the 
liver cells is a more common finding and binucleate cells are fre- 
quent. Occasional individual cells scattered equally throughout dif- 
ferent portions of the lobules show degeneration and necrosis. 
About the third day these necrotic cells become more plentiful and 
are seen more frequently adjacent to the portal areas and through- 
out the peripheral zone. Later these necrotic liver cells become less 
numerous and in the ten and twelve-day animals they are very in- 
frequent. At the same time that one sees necrotic cells, other nearby 
cells show mitoses, a few as early as twenty-four hours, but after 
the second and third day, as many as one or two are seen in each 
oil immersion field. This proliferation of the liver cells decreases in 
the later stages so that in the twelve-day animals mitoses in the liver 
cells are practically absent. 

The K^ipjffer Cells: Very early the endothelial cells lining the sinus- 
oids are swollen and vacuolated. Some contain fat droplets, others 
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are distended with granules of hemosiderin. Mitoses are first seen 
in forty-eight hours; they become more numerous for a day or two 
and later almost disappear. With distention of the bile capillaries 
and swelling of the liver cells the capillary sinusoids are narrowed 
and often dfficult to follow. 

Cells in Portal Areas: An infiltration of cells into the portal areas 
appears in twenty-four hours and increases up to about the sixth 
or eighth day. Endothelial leucocytes are the first to appear; they 
proliferate rapidly and constitute the greater proportion of the free 
cells. Lymphocytes are less abundant, while scattered eosinophiles 
and occasional neutrophiles, though much less numerous, are seen in 
almost every portal area. 

Blood Vessels: The portal veins, especially the medium-sized and 
larger vessels, become greatly distended. Usually the walls are 
quite normal, however small vessels with necrotic walls and lumina 
filled with fibrin thrombi are seen either in or bordering the areas of 
necrosis. 

Lymphatics: In two of the test animals some of the larger lymph- 
atics that drain the liver were included in the ligature of the common 
duct with the result that the lymphatics traversing the portal areas 
are extremely distended. Usually, however, these vessels are only 
slightly dilated and consequently much less conspicuous. Early, 
the portal connective tissue is unusually edematous but in the later 
stages this largely disappears. 

Stjhmaky of Histological Findings 

In reviewing the histolo^cal findings, it is apparent that as a result 
of biliary obstruction definite changes take place in the liver involv- 
ing not only the large and small bile ducts but also the liver cells, 
the connective tissue stroma, capillary sinusoids and blood vessels. 
In the early stages the picture is characterized largely by the changes 
within the liver cells, the capillary bile stasis, the areas of necrosis 
and the cellular infiltration into the portal areas, whereas later it is 
dominated largely by the proliferation of bile duct epitheliiun, the 
elongation, tortuosity and apparent increase in bile ducts, and the 
increase in connective tissue in the portal areas. The end result is a 
rather uniform type of cirrhosis limited to the portal areas in which 
the lobules are diminished in size as a result of the expanding portal 


areas. 
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Discussion 

Former workers have been unanimous in describing a prolifera- 
tion and increase in the bile ducts, while Ogata even states that these 
new bile ducts frequently fail to make complete functional connec- 
tions with the bile capillary system. Furthermore, in respect to the 
origin of these ducts Pick believes that some arise from already 
existing bile ducts while others arise from the liver cells themselves. 
Gerhardt substantiates this view but Ogata could find no proof that 
liver cells could undergo such a transformation. From our studies 
we believe that the increase in bile ducts is simply an apparent 
change resulting from a proliferation of bile duct epithelium. In the 
livers that were fixed in toto with the bile ducts fully distended, we 
were able to follow the lumina of the elongated terminal bile ducts 
to their connections with the dilated lumina of the bile capillaries. 
Furthermore, India ink that was injected into the common duct 
could be followed through the tortuous terminal bile ducts into the 
bile capillaries. 

Regarding the origin of the cells that form this apparent increase 
of bile ducts, we favor the opinion expressed by Ogata that they 
arise purely from a multiplication of preexisting bile duct cells; 
however, in the later stages, when the liver cells lining the distended 
bile capillaries so nearly simulate bile duct epithelium it is almost 
impossible to differentiate the two types of cells and hence the em- 
bryonic or liver cell origin of bile duct epithelimn' cannot be denied 
positively. 

The cause of the proliferation of the bile duct epithelium has also 
been a debated question, largely because of the misinterpretation 
of the existence of “new bile ducts.” Chambard, Foa and Salvioli, 
Simmonds and Pick explained the apparent increase in bile ducts 
simply as a concomitant phenomenon or as a sequence to the in- 
crease in connective tissue. Charcot and Gombault, and later Ger- 
hardt, took the viewpoint that the bile duct proliferation was not 
merely a natural accompaniment to the connective tissue prolifera- 
tion, but rather a separate and distinct process resulting from the 
increased pressure within the walls. However, Gerhardt also granted 
that an atypical growth of bile ducts could result from an increase 
in connective tissue. According to Ogata the bile duct and con- 
nective tissue proliferation are two quite unrelated processes re- 
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suiting from a thorough saturation with retained bile. It would ap- 
pear, however, that since we are not dealing with a new formation of 
bile ducts but simply with an elongation of the connections that 
already exist, the presence of bile within the bile ducts would seem 
to be a sufficient and satisfying cause. Furthermore, the increase 
in connective tissue that is present in the portal areas has most 
likely been caused by a similar mechanical process of compression 
and stretching. 

Much discussion has always arisen in regard to the origin of the 
areas of necrosis. Charcot and Gombault held the opinion that the 
pressure of retained bile ruptured the smaller bile ducts with the re- 
sult that bile escaped into the lobules and killed the liver cells. 
Beloussow, Eppinger,^^ Abramow and Samoilowicz,^® and Janow- 
ski,^^ from observations on human cases adopted a similar view. 
Foa and Salvioli found no rent in the bile ducts and thought that 
the increased pressure within the bile capillaries was sufficient to 
explain this necrotic process. Gerhardt, who also found no break in 
the biliary system, considered that the necrosis was the result of 
the chemical action of stagnant bile. Richardson and Ogata like- 
wise considered that the injurious action of the bile was the cause 
of necrosis. Ogata, in attempting to explain the distribution of the 
necrotic areas, formulated the hypothesis that since all liver cells 
are not working at an equal rate at the same time and also because 
the outflow of bile in all capillaries is not equally rapid, then any 
sudden obstruction to the bile would result in a molecular destruc- 
tion of the most actively functioning elements. 

Tischner, years earlier when working with rabbits, felt that the 
degree of functional activity of the liver cells might play some part 
in determining whether or not they would undergo degeneration 
and necrosis, yet he considered it a relatively unimportant factor. 
He explained the lesions as simply areas of anemic necrosis resulting 
from obstruction to the circulation. The latter he estimated to be 
definitely decreased as a result of the increased pressure within the 
biliary system. 

From our own observations we feel that the toxic effect of the bile, ’ 
whether it reaches the liver cells by leakage or seepage, is of little 
importance. If it were extremely toxic the fiver cells in the central 
zones that are fiUed with it from the onset woffid presumably be the 
first to undergo necrosis. These areas of necrosis resemble infarcts 
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in their appearance, contour and position, also in the t3^e of in- 
flammatory reaction that is limited to the periphery, and lastly in 
the manner of healing. 

The effect of ligating the common duct is first to distend the bile 
ducts and produce a rise in pressure within the biliary system. Co- 
incident and dependent on this is a probable decrease in the blood 
flow through the liver. Now, in addition to this general impairment 
in the hepatic circulation, there are the local changes which affect 
the terminal vessels. With distention of the bile ducts these smaller 
vessels may be collapsed entirely. This prevents the blood from 
flowing into the lobules and results in the formation of infarcts. 

That these infarcts occur more commonly in the guinea pig and 
rabbit than in the dog and man is probably to be explained on an 
anatomical and physiological basis. The circulatory system is dif- 
ferent; in man even the smallest portal areas contain both a branch 
of the hepatic artery and portal vein, whereas in the lower animals 
similar areas contain but a single, small, thin-walled vessel. This 
means that the most distal lobules are supplied with vessels that 
correspond to “end arteries,” Furthermore, this implies that the 
connection between the hepatic artery and portal vein is not alone 
through a network of capillaries and sinusoids but also by larger 
communicating vessels, a fact which may be readily observed when 
India ink is injected into either the arterial or venous system. 

The relation between the terminal vessels and bile ducts in guinea 
pigs is also rather unusual. They lie side by side, held together by 
a few strands of connective tissue which separate them from the sur- 
rounding liver cells. With such a close relationship and in such a 
restricted space, any distention of bile duct would of necessity en- 
croach upon the vessel. 

There is another point that is probably as important as either of 
these anatomical peculiarities and that is the amount of bile that is 
secreted by the different species of animals, for both the guinea pig 
and rabbit produce relatively many times as much bile as either dog 
or man. 

Considering these three factors together, namely, the presence 
of “end arteries,” the intimate relationship of vessels and bile ducts, 
and lastly the large quantity of bile secreted, it seems reasonable to 
assume that they would constitute a sufficient cause for the more 
frequent occurrence of infarcts in this group of lower mammals. 
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Summary 

Obstructive cirrhosis may be defined as a characteristic form of 
cirrhosis uniformly limited to all the portal areas throughout the 
liver. It is caused by an obstruction to the outflow of bile. In the 
early stages, bile stasis, necrosis and regeneration of individual liver 
cells, edema and infiltration of the portal areas are the most promi- 
nent features. Later there is an apparent increase in the number of 
bile ducts, the portal connective tissue is increased and with enlarge- 
ment of the portal areas the liver becomes divided into small, separ- 
ate and distinct lobules. In the guinea pig and rabbit, large and 
small areas of necrosis are early and constant findings. 

Evidence is presented to show that the proliferation of bile duct 
epithelium results merely in an apparent increase in the number of 
bile ducts in the portal area and not in an absolute increase as has 
been described previously. 

The proliferation of fibroblasts in the portal areas is interpreted 
on a mechanical rather than on a toxic basis. 

The origin of the areas of necrosis is discussed, and the opinion is 
expressed that they are simply areas of infarction. Their relative 
frequency in lower mammals may be explained on an anatomical 
and physiological basis. 

We are indebted to Dr. F. B. Mallory for his many suggestions 
and helpful criticism, and also for the photomicrographs. We also 
wish to thank Miss Marion E. Lamb and Miss Vida Randolph for 
technical assistance. 
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DESCRIPTION OF PLATES 


Plate 112 

Fig. I . Photomicrograph showing a medium-sized dilated bile duct. The ad- 
joining connective tissue is stretched and compacted. The liver cells in the 
surrounding lobules are elongated, compressed and atrophic. There is a 
slight infiltration of endothelial leucocytes into the portal area, x 150. 

Fig. 2. An area of infarction involving portions of three lobules centered 
about a single portal area. It is sharply demarcated from the surroimding 
liver tissue and infiltrated at the periphery with an inflammatory exudate 
composed of endothelial and polymorphonuclear leucocytes. xiSo. 



American Journal oe Pathoi.og\’. Vol. V 


Plate 112 



^laclMahon, Lawrence and jMaddock 


2 


Experimental Obstructive Cirrhosis 



















Plate 113 


Fig. 3. Photomicrograph showing distended medium-sized bile ducts and 

portal veins, a stretching and compression of portal connective tissue, and f 
a shght infiltration bj' endothelial leucoc3des. Toward the right is a smaller 
portal area characterized by an apparent increase in the small terminal 
bile ducts, x 150. 

Fig. 4. A portal area in the liver of a guinea pig twelve daj'^s after hgation of 
the common duct showing true cirrhosis characterized bj’’ an apparent in- 
crease in the number of bile ducts and an increase in portal connective tis- 
sue. The bile capillaries in the peripheral zones of the surrounding lobules 
are distended into small C3"st-like spaces. The liver cells surrounding the 
distended bile capillaries closety resemble the proliferating bile duct epi- 
thelium. Moderate infiltration of endothelial leucocytes and l3"mphocytes 
into the portal connective tissue, x 250. 
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OBSTRUCTIVE CIRRHOSIS* 

H. E, MacMahon, M.D., and F. B. Mallory, M.D. 
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At the present time there is considerable confusion among both 
pathologists and clinicians in regard to the term “biliary cirrhosis.” 
In its broader sense it is generally used to imply a form of cirrhosis 
confined fairly definitely to the portal areas and characterized by 
an increase in bile ducts and connective tissue. As regards etiology, 
biliary obstruction and infection are usually considered to be the 
important causative agents. 

Several years ago Mallory^ described an infectious type of cir- 
rhosis resulting from bacterial infection of the smaller bile ducts. 
In contrast to this, the term “obstructive cirrhosis” is suggested to 
indicate that t3^e which results purely from an obstruction to the 
outflow of bile. In either type it is clearly seen that we are dealing 
with a biliary form of cirrhosis in that it is the bile ducts that are 
primarily involved, and yet the two types are distinctly different 
both grossly and microscopically, and furthermore, either may be 
found quite independent of the other, although the two types are 
often combined. 

The purpose of this paper is to describe briefly the gross and his- 
tolo^cal findings in obstructive cirrhosis, and to compare them with 
a similar form of cirrhosis which has been produced experimentally, 
in the absence of infection, in lower animals, 

Literatuke 

It is rather difficult to review the literature relative to this subject 
since little effort has been made to differentiate either the gross or 
histological findings of these two forms of biliary cirrhosis, namely, 
the obstructive and the infectious. Moreover, in infants, congenital 
malformations of the intrahepatic biliary system have at times not 
been recognized as such, and consequently have been occasionally 
included as forms of biliary cirrhosis of the liver. 

Legg® in 1874 reported two cases of biliary cirrhosis, one in a 

* Received for publication, July 8, 1929. 
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young woman who had been jaundiced but two weeks. A gall stone 
was found obstructing the common duct, and the liver showed mi- 
croscopically a moderate degree of interlobular cirrhosis. The sec- 
ond case was an elderly male with a strong alcoholic history who 
had been jaundiced for nine months. The autopsy revealed hydatid 
cysts of the liver compressing the hepatic ducts, while microscopi- 
cally the liver showed considerable “portal cirrhosis.” 

Charcot and Gombault^ in 1876 reported four cases of biliary 
cirrhosis, one of which they described as infectious cholangitis. 
Mangelsdorf,^ six years later, reported a much larger series of cases 
with brief postmortem findings and concluded that though the his- 
tological lesions varied greatly a fibrosis of the liver was the one con- 
stant finding. Janowski,^ Ford,® Eppinger,'^ Abramow and Samoilo- 
wicz,® and Weber ® have likewise reported and discussed munerous 
cases of biliary cirrhosis, but they have not attempted to differenti- 
ate the simple obstructive from the more complicated infectious 
lesions. 

More recently Rous and Larimore^® in 1920 made an effort to 
determine the effect that bile itself played in hver lesions. From 
their work, which was based on experimental studies in rabbits, 
they concluded that no human picture resembled even remotely the 
lesion that could be produced in these animals as a result of ligating 
the common duct. Furthermore, they pointed out that attempts to 
utihze such experimental work in the explanation of biliary cirrhosis 
in man had almost been given up. 

On the other hand, Snell, Greene and Rowntree were able to 
keep dogs alive for three months after ligation of the common duct 
and produced what they described as an experimental counterpart 
of the advanced biliary cirrhosis seen clinically in association with 
prolonged jaimdice. 

Judd and CounseUer have quite recently studied this problem 
again in human cases. According to these workers, when obstruc- 
tion was due to cancer, occlusion of the common duct was more 
rapid and more complete and a condition of hydrohepatosis devel- 
oped with httle or no cirrhosis. If, on the other hand, obstruction 
was due to a stone or a benign stricture it was usually associated 
with a chronic infection, and such cases showed a marked portal 
fibrosis and a thickening of the ducts. Here again we are left in 
doubt as to just how much of the lesion in the latter cases could be 
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ascribed to simple obstruction and how much to the complicating 
infectious agent. 

In infants who show cirrhosis of the liver in association with con- 
genital malformations in the extrahepatic biliary system, we are 
confronted not only with the problem of obstruction and infection 
but also with the possibility of a congenital anomaly within the 
liver itself. 

Legg in 1876 was one of the first to draw attention to a form of 
cirrhosis associated with congenital absence of the common duct. 
Thomson fifteen years later described the condition of congenital 
obliteration of the extrahepatic bile ducts and was able to collect 
forty-nine cases in which the liver showed an appreciable degree of 
cirrhosis. This number has since been almost doubled. RoUeston 
and Hayne,^® Lavenson,^® and Howard and Wolbach^’ have re- 
ported additional cases and described cases of their own. A case 
reported by the last two workers has been described in greater de- 
tail and warrants further consideration. A male child, when two 
weeks old, developed jaundice which progressed until his death four 
weeks later. The liver showed a more or less advanced cirrhosis of 
a mixed type with both central and portal sclerosis and a good deal of 
interlobular connective tissue as well. 

In reviewing the many different lesions in children which have 
been ascribed to agenesis and atresia of the extrahepatic biliary 
system, we find that some workers have observed changes at the 
periphery of the lobule, others in the center, and still others have 
described a more diffuse process extending throughout the lobule. 
In addition, the possibility of infections, toxins and congenital in- 
trahepatic anomalies has often been overlooked in their discussions. 

Lastly, RoUeston in summing up the many views regarding the 
production of cirrhosis solely from obstruction of the common duct 
concluded ‘‘that biliary obstruction per se does not constantly 
cause any form of cirrhosis.” 

I. Studies in the Infant 

Etiology: In a group of ten cases that showed varying stages of 
simple uncompUcated obstructive cirrhosis six were caused by con- 
genital atresia of the common duct, two by obstruction of the he- 
patic ducts, one as a result of an apparent absence of hepatic ducts. 
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and lastly, one in which the common duct was unusually elongated, 
kinked and distended with thick, colorless mucus. 

Holmes abstracted from the literature one hundred cases show- 
ing congenital obliteration of the bile ducts which indicates that this 
anomaly is not an extremely rare condition. Moreover, he pointed 
out that the obstruction may be single or multiple, may involve any 
portion of the ducts, and lastly, in at least sixteen of the cases surgi- 
cal relief would have been possible. 

Congenital absence of the common duct is a very much more un- 
common finding. Kirmisson and Hebert reported a case in which 
there was no trace of either hepatic, cystic or common duct, and were 
able to collect from the literature two cases similar to their own. 

A few other examples of obstruction of the common duct which 
have been reported in infants were caused by the presence of large 
lymph nodes which pressed on the common or hepatic ducts. 

In regard to the nature of atresia of portions of the extrahepatic 
biliary system, the most commonly accepted viewpoint, and one de- 
scribed by Beneke,2i jg jg primarily a developmental anomaly. 

However, there are others who regard this condition as the healed 
stage of an acute cholangitis that occurred during fetal life, induced 
by maternal toxins and infections. Futhermore, there are those who 
believe that the cirrhotic changes in the liver are the result of an 
inflammatory reaction in that organ during fetal life, and that 
atresia of the ducts represents merely an extension of the process 
down into the larger bile passages. 

We believe that the congenital atresia resembling congenital age- 
nesia of the extrahepatic biliary system is primarily a developmental 
anomaly, that the cirrhotic changes in the liver are entirely second- 
ary, and furthermore that the picture of uncomplicated obstructive 
cirrhosis is entirely different from the intrahepatic developmental 
anomalies involving either the bile ducts or the mesenchyma. 

Gross Appearance of the Liver: In the early stages the fiver, apart 
from a marked greenish discoloration, may appear quite normal. 
Even in the later stages the cirrhotic changes are relatively less 
conspicuous than in other forms of cirrhosis. The surface is uni- 
formly covered with very fine granulations resembling fine Morocco 
leather. The fiver is not increased in size, it is firm and cuts with 
increased resistance. In cases of very long standing the portal areas 
appear unusually accentuated on the freshly cut surface. 
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Microscopic Appearance of the Liver: The earliest cases in which 
we were able to see any changes other than the picture of simple bile 
stasis were in infants who had lived at least three weeks. Before 
this one finds bile within the liver cells, distending the bile capilla- 
ries, especially of the central zones, bile in the terminal and collecting 
bile ducts, and at times in the perisinusoidal spaces. The liver cells 
may be rather swollen, may vary somewhat in size and contain two 
or more nuclei, but mitoses are infrequent. The Kupffer cells are 
unusually conspicuous, apparently increased in size and number, and 
may contain droplets of inspissated bile. But with all this, there is 
no appreciable change within the portal areas except a slight infil- 
tration by endothelial leucocytes, a few of which may contain blood 
pigment and bile. 

The beginning of the cirrhotic process is characterized by an 
apparent increase in the terminal bile ducts. The bile duct epithe- 
lixun proliferates as shown by the presence of mitoses and the ducts 
become lengthened and tortuous, but no new bile ducts are formed. 
This process is going on in every portal area throughout the liver so 
that one finds this change bordering the larger portal areas as well 
as in the smaller. Moreover, since the effects of the obstruction are 
equally distributed throughout the terminal bile ducts, any changes 
that they may undergo are carried out in a uniform manner through- 
out the liver. At the periphery of the lobule the bile capillaries are 
frequently so distended that they compress the bordering liver cells, 
and in following the Imnina of the bile capillaries into the terminal 
bile ducts it is practically impossible to determine where liver cells 
stop and bile duct epithelium begins. 

Accompan3dng this elongation of terminal bile ducts there is a ’ 
gradual proliferation of fibroblasts in the portal areas so that more 
and more connective tissue is formed in the portal areas as the 
process progresses. 

The whole process is so gradual that the circulation has an oppor- 
tunity to adjust itself to these changes so that infarcts, which are 
invariably found in animals in which the co mm on duct has been 
suddenly ligated, are extremely uncommon. 

In the later stages, the portal areas are uniformly increased in 
size throughout the liver, partly as a result of the apparent increase 
in bile ducts due to elongation of them, and partly owing to an abso- 
lute increase in the amount of connective tissue. Along with this 
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change, the lobules have diminished somewhat in size, although 
even in those cases which had lasted three to four months we found 
neither central sclerosis nor an appreciable increase in the inter- 
lobular connective tissue. 

Clinical and Pathological Aspects: One of the most variable find- 
ings in an infant’s liver is the amount of bile in liver cells and bile 
capillaries. KoUiker^^ found that the secretion of bile begins as 
early as the third month of embryonic life; however, it is probable 
that this would be delayed considerably and diminished in cases of 
atresia. Furthermore, the degree of bldod destruction varies con- 
siderably in this group of infants, a condition which, as pointed out 
by Rous and Drury largely regulates the quantity of pigment in 
the bile. 

In our small series of ten cases, jaundice had been present since 
birth; however, there are innumerable cases reported in which jaun- 
dice did not appear for days or weeks later. According to Porter,^^ 
“jaundice is the predominant symptom and while it may be present 
at birth, its appearance is sometimes delayed until toward the end 
of the first month.” In cases of complete congenital atresia, this 
delayed appearance of jaundice is difficult to understand. 

Various gross changes have been reported in the fiver and other 
organs. Many authors have described both fiver and spleen as be- 
ing greatly enlarged, while others have found fibrosis in the pan- 
creas. In our small series the fiver was of normal size; no constant 
changes were seen in the pancreas, nor was there any evidence of 
portal obstruction as characterized by an enlarged spleen, varices 
or ascites. 

A clinical summary of our cases shows that jaundice, hemor- 
rhages, pigmentation of the urine and clay-colored stools were the 
outstanding features. Nutrition in most cases was well maintained 
for some time in spite of the severity of the lesion, but later the 
health inevitably gave way and the child rapidly lost weight and 
strength. The longest surviving case that we encountered lived for 
four and a half months; however, reports of six to eight months’ sur- 
vivals are not imcommon in the literature, while two cases are said 
to have lived nine months, one until the eleventh, and one reported 
by Porter, as long as the fourteenth. 
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II. Studies in the Adult 

Etiology: Of twenty cases of obstructive cirrhosis in adults that 
came to autopsy, eight resulted from tumors about the head of the 
pancreas and ampulla of Vater, eight from stones in the common 
duct, and four from benign strictures. Of this series only five of 
the cases were females and it is interesting to note that in each of 
these cases the obstruction was due to stones. The average age of 
the males was about 55 years and of the females about 60, although 
in both groups there was a wide variation. 

Gross Appearance of the Liver: The liver was normal in size and 
contour, and the surface was quite smooth except in those cases 
of long standing when it was uniformly and very finely granular. 
The consistence also varied somewhat, but only in the later stages 
had it appreciably increased, and then it was never so marked as in 
long standing cases of alcoholic, pigment, toxic or infectious cir- 
rhosis. In all of the cases except one the whole organ was deeply 
bile-stained; the one case which was an exception had been caused 
by a stone that was removed a month or two before the patient 
came to autopsy. 

Microscopic Appearance of the Liver: This differs slightly in adults 
and children, and in the former, seldom if ever, becomes such a con- 
spicuous feature as one finds in the long standing cases in infants. 
Furthermore, in elderly patients, where obstruction has existed for 
many weeks, atrophy and degeneration of the parenchyma gradu- 
ally become a more prominent part of the picture. In addition to 
these minor variations that are associated with the age of the indi- 
vidual, one occasionally finds a combination of two or more types of 
cirrhosis, such as obstructive and infectious, or obstructive with an 
alcoholic or pigment cirrhosis, and in such cases either the gross or 
histological picture may become extremely complicated. 

In the early period of biliary obstruction the pathology is simply 
that of bile stasis, as was the case in both infants and animals, but 
in adults the picture is more clearly defined, and one has a better 
opportunity to study the changes in the bile, in the liver cells, in 
bile ducts and in the connective tissue stroma. 

Biirker has divided the lobule of the liver into two parts, namely 
a central portion for secreting and a peripheral portion for absorb- 
ing, and such an hypothesis would seem to be substantiated, at 
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least in part, in cases of bile stasis. A few days after biliary obstruc- 
tion, while bile is still being actively secreted, the liver cells in the 
central zones show more or less regressive changes. The cells are 
irregular in size and shape, the cytoplasm may stain quite intensely 
or appear unusually pale, in a few cells it may scarcely stain at all, 
while here and there one sees a necrotic bile-stained cell that is being 
invaded by endothelial leucocytes. The nuclei also vary in size, 
contour and in the arrangement of the chromatin; and liver cells 
with three, four and five nuclei are not at all uncommon, while oc- 
casionally, though rarely, mitoses are also found. The bile that lies 
in the cytoplasm of the liver cells sometimes appears as yellowish 
and green granules; at other times as large and small droplets. It 
may be clumped in a small focus bordering the nucleus, it may form 
a complete halo about the nucleus, and lastly it is sometimes dif- 
fusely scattered throughout the cell. Bile that is homogeneous and 
orange to greenish, distends the bile capillaries but can seldom be 
traced into the lateral canaliculi between the liver cells. The Kupfifer 
cells, especially those in the central zones, are increased in number, 
swollen and contain bile in the form of granules and droplets. The 
inspissated masses of bile in the dilated bile capillaries appear cylin- 
drical, irregular and branching and vary from orange to dark green. 
They are often extruded and lie between the liver cells and the walls 
of the sinusoids. Here they are phagocytosed by endothelial leu- 
cocytes which in consequence may become greatly enlarged and 
occasionally multinucleated. The leucocytes sometimes accumu- 
ate in considerable numbers and necessarily compress the sinusoids. 
The result is that the picture in the centers of the lobules is often 
complicated because of the difiiculty of distinguishing the endothe- 
lial cells lining the sinusoids from the endothelial leucocytes at- 
tracted out of the circulation. Endothelial leucocytes containing 
granules and droplets of bile are often present also in the lymphat- 
ics and stroma of the periportal tissue. 

A little later, though the liver cells may still show retrograde 
changes, and be swollen and vacuolated, they contain less bile, 
which usually lies clumped about the nucleus. Here and there one 
fin ds bile in both liver cells and Kupffer cells throughout the lobule, 
but this is not common and in such cases the quantity of bile in the 
periphery is much less than in the centers of the lobules. At this 
stage the ninnber of bile-stained endothelial leucocytes may be in- 
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creased in the portal areas, but usually there is no apparent change 
in either the bile ducts or portal connective tissue. 

The earliest structural changes to become manifest were found in 
two cases in which the common duct had been completely blocked 
by large biliary calculi for a period of three weeks. In all the portal 
areas the te rmin al bile ducts were unusually prominent, they were 
filled with bile and showed an apparent increase in number, while 
associated with this change was a slight increase in portal connect- 
ive tissue. 

We have followed the progressive histological changes in both bile 
ducts and connective tissue in cases in which complete obstruction 
has existed for as long as eighteen months, in a second group of cases 
in which obstruction has been incomplete for an equal length of 
time, and lastly in a group in which obstruction has been intermit- 
tent over a period of three to five years. 

The changes in aU cases have been much the same, the difference 
lies only in degree. The bile duct epithelium of both collecting and 
terminal ducts proliferates, and there is a progressive elongation of 
the periportal bile ducts which become tortuous and much more con- 
spicuous. The portal connective tissue is increased and in it one 
finds an infiltration by endothelial leucocytes, lymphocytes, scat- 
tered eosinophiles and basophiles. If the obstructing agent, such as 
a stone, has been removed some time before death, bile stasis will 
probably be absent, and the elongated bile ducts in the portal areas 
are much less conspicuous. 

In brief, then, the picture that one usually finds in an imcompli- 
cated case of biliary obstruction of several weeks duration is charac- 
terized by an increase in size of the portal areas due to an elongation 
of the terminal bile ducts, a proliferation of connective tissue, and 
an infiltration by both endothelial leucocytes and lymphocytes. 
The liver cells in the central zones show mildly regressive changes 
and inspissated bile fills the bile capillaries. 

However, other changes occur with sufficient regularity to war- 
rant further consideration. In six of the twenty livers which have 
been included in this series there were infarcts which varied in num- 
ber, in size and in the stage of resolution. They usually involved 
only a portion of a lobule and in all cases radiated out in a fan-like 
manner from the portal areas. Furthermore, they appeared in cases 
where the obstruction had occurred quite suddenly and had been 
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quite complete. These infarcts, when first formed, resemble those 
that are constantly found in the livers of lower animals following 
experimental common duct ligation; there was Httle extravasated 
blood, slight peripheral reaction and no discoloration with bile. 
Later there is phagocytosis of this necrotic tissue by encroaching 
endothelial leucocytes and finally even these cells disappear leaving 
a rather loose structureless area of connective tissue. 

Another lesion that sometimes may be quite confusing in long 
standing cases is the cellular reaction to old inspissated bile that lies 
free in the portal connective tissue. Apparently as the result of 
pressure, the epithelium lining the small ducts may become greatly 
stretched and finally disappear leaving a large tubular mass of in- 
spissated bile surrounded by connective tissue. The bile acts simply 
as a foreign body, such as agar, and is soon attacked by endothelial 
leucocytes and foreign body giant cells, while still later fibroblasts 
proliferate about it and traverse it giving it the appearance of an 
old, partially organized thrombus. 

In two cases in which obstruction had been present about six 
weeks there was a small irregular accumulation of bile in the con- 
nective tissue of two or three of the medivun-sized portal areas sug- 
gesting that there had been a rupture of one of the smaller bile 
ducts. There was a zone about this, infiltrated with a few pol)mior- 
phonuclear and endothehal leucocytes, but there was no necrosis of 
the liver cells in the surrounding lobule. 

A change in the portal vessels was a very uncommon finding and 
occurred in only one of our cases. As a result of a benign stricture 
of inflammatory origin about the lower end of the common duct 
there had been complete obstruction to the outflow of bile for more 
than a year. In this case there was a very marked subinthnal pro- 
liferation of connective tissue in the medimn-sized branches of the 
portal vein, which considerably narrowed the Ivunen. Moreover, 
this was the only uncomplicated case of obstructive cirrhosis show- 
ing ascites. It is well recognized that as a result of bile stasis the 
pressure within the porlal circulation is increased, and presumably 
if other cases had progressed for longer periods of time a secondary 
sclerosis of the vessels would not have been such an unusual finding. 

In two cases of long standing biliary obstruction, both in elderly 
people, there were small scattered foci, most numerous in the central 
zones, in which the liver cells had disappeared leaving the trabecu- 
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lar spaces filled with fatty and pigmented endothelial leucocytes. 
A similar observation was described by Ogata who attributed it 
to the presence of retained bile within the liver cells of the secreting 
portion of the lobule. However, though degenerative changes as 
well as occasional necrotic cells were frequently seen within the 
central zones, larger areas from which the liver cells had entirely 
disappeared were very much rarer and should probably be explained 
as due not alone to the action of the bile but also to the impairment 
of the liver circulation and lack of regenerative activity on the part 
of the remaining cells. 

In reviewing these more unusual changes that are sometimes 
found, it is apparent that a well marked case of obstructive cirrhosis 
in an adult may show not only a dilatation and elongation of bile 
ducts and an increase in the portal connective tissue, a variable de- 
gree of bile stasis and retrograde changes in the centers of the lobules, 
but also infarcts, organizing bile thrombi, evidence of ruptured bile 
ducts, sclerosed vessels and small irregular foci in which the liver 
cells have disappeared. 

Clinical and Pathological Aspects: Jaundice that was intense, en- 
during and imassociated with signs of sepsis, was present in all 
cases. However, the duration of life after the onset of jaundice va- 
ried greatly not only in cases due to different causes but also in dif- 
ferent cases resulting from a similar cause; thus in cases of obstruc- 
tion due to tumors and gall stones it ranged from three weeks to six 
months averaging in all about two months, while in three of the 
cases associated with gall stones there was in addition a history of 
intermittent jaundice for two, three and five years. In cases due 
to stricture, of which we have included but four, jaundice was pres- 
ent for two, three, eight and eighteen months respectively. 

The patients generally had fairly good health at first, but toward 
the end of life, gastro-intestinal disturbances, loss of weight and 
strength were almost constant findings. 

The liver was normal in size, and only in long standing cases 
showed appreciable gross evidence of cirrhosis. Furthermore, there 
were no outspoken signs of portal embarrassment such as enlarge- 
ment of the spleen, ascites, hematemesis or varices, except in one 
patient who lived eighteen months after the onset of jaimdice. 
These are rather important points because they assist in the differ- 
ential diagnosis of this form of cirrhosis. 
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Comment 

Comparatively little attempt has been made in the diagnosis of 
the various forms of cirrhosis to differentiate as a distinct and charac- 
teristic type that form which is found in prolonged and uncompli- 
cated obstruction to the common bile duct. One reason for this has 
probably been its relative lack of importance, but another and more 
obvious reason is that it has been loosely crowded into that rather 
heterogenous group labeled “biliary cirrhosis,” or included among 
those in which there has been a terminal bile duct infection. 

It would appear that obstructive cirrhosis in childhood is not 
materially different from the lesion one finds in the adult, and it is 
precisely the same in principle as one finds in the lower animals 
subjected to ligation of the common duct. 

In the study of autopsy and surgical material from hiunan cases 
both in children and adults we have had an opportunity to follow 
each stage in the development of this form of cirrhosis. In the 
lower animals, such as the guinea pig, changes occur with great 
rapidity, and it would also appear that in the infant, cirrhosis devel- 
ops more quickly than in the adult, at least it becomes very much 
more conspicuous in a similar period of time. The early stage in all 
cases is characterized by a dilatation of the ducts, with bile stasis 
within the lobule. This is followed by an elongation of the terminal 
ducts associated with an appreciable increase in portal connective 
tissue, commonly accompanied with a moderate cellular infiltration 
into the portal areas and the appearance of regressive changes in the 
liver cells in the central zones of the lobule. 

With biliary obstruction there is an impairment in the hepatic 
circulation, although only very rarely are there visible signs of in- 
terference with the portal circulation. 

Summary 

I \ 

I. This paper is based on the study of thirty cases of uncompli- 
cated obstructive cirrhosis, ten in infants and twenty in adults 
averaging about sixty years of age. 

. 2. The common cause in infancy is a congenital malformation of 
the bile duct, whereas in the adult it results from tiunors, concre- 
tions and inflammatory strictures. 
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3. The gross and microscopic findings of obstructive cirrhosis are 
described, and in addition, reference is made to a few of its more im- 
portant clinical features. 
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DESCRIPTION OF PLATES 


Plate 114 

Fig. I. OS 29.18. Section of a bit of liver tissue removed from a man 40 
years of age who was operated on for acute obstruction of the common bile 
duct. Recovery was complete. The liver cells are enlarged and contain 
numerous granules and droplets of bUe. In a dilated bile duct is a branch- 
ing mass of inspissated bile, x 1000. 

Fig. 2. 23.44. Obstructive cirrhosis secondary to cicatricial contraction aroimd 
the ampulla of Vater in a man 75 years of age. Jaundice for two months. 
The photomicrograph shows an infarct with beginning organization at the 
periphery, x 80. 

Fig. 3. M 1074. Female infant 28 days old. Congenital obstructive cirrhosis. 
A portal area showing increase of connective tissue and a number of bile 
ducts. X 100. 



American Journal oe Pathology. Vol. V 


Plate 114 



3 


Obstructive Cirrhosis 















Plate 115 


Fig. 4. 22.2g8. Obstructive cirrhosis of considerable duration in a man 54 
years of age. Two masses of old inspissated bile in bile ducts arc undergo- 
ing organization. The periportal connective tissue is greatlj’’ increased in 
amount and has numerous bile ducts included in it. x 100. 

Fig. 5. M. 1074. From same liver as shown in Fig. 3. A mass of inspissated bile 
in a bile duct surrounded and infiltrated bj”^ endothelial leucocytes and for- 
eign body giant cells, x 500. 
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STUDY OF A MENINGIOMA IN SUPRAVITAL PREPARATIONS, 
TISSUE CULTURE AND PARAFFIN SECTIONS* 

Richard C. BucKXEy, M.D., and Louise Eisenhardt, M.D. 

{From Ihe Surgical Clinic of Dr. Harvey Cushing, Peter Bent Brigham Hospital, 

Boston, Mass.) 

Tissue cultures of intracranial tumors removed at operation in 
this clinic have been successful for certain of the gliomas, such as the 
glioblastoma multiforme and the medulloblastomas. Outgrowths of 
cells have been observed in some of the thirty-one meningiomas cul- 
tured during the past two years but as Kredel ^ iias previously 
stated, the growing cells seemed to be of the mononuclear macro- 
phage series and not tumor cells. From their phagocytic properties 
and growth pattern, the cells were considered to be clasmatocytes 
which were seen abundantly in the supravital preparations of the 
meningiomas. 

Recently a rapidly growing meningioma was removed at opera- 
tion and portions of the tumor were studied in immediate supravital 
preparations, in tissue cultures of the same bits of tissue, and in 
stained paraffin sections. The cells growing out in culture in a pat- 
tern like that of cells of mesodermal origin, closely resembled the 
tumor cells seen in the supravital preparations and in the paraffin 
sections. Phagocytic cells were not observed among the growing 
cells. The growing cells did not appear to be of the fibroblastic 
type and in the stained sections of the fixed tissue the cells had no 
resemblance to fibroblasts. 

This single instance of a successful tissue cultmre of a meningioma 
is presented because it shows by the growth pattern the mesodermal 
origin of the cells of this tumor, that the tumor cells had no demon- 
strable phagocytic powers, and that the real phagocytic elements 
were clasmatocytes which are so commonly found in human and 
animal tumors. 

Parasagittal Meningioma Localized by Ventriculography. 

Extirpation. Recovery 

Clinical History: Case P.B.B.H. Surgical No. 33356. On February 23, 1929, 
William M. was referred by Dr. Howard F. Root of Boston, with a diagnosis 
of tumor of the brain. For three years before admission the patient was known 

* Received for publication July 31, 1929.. 
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to have had diabetes mellitus in a mild form and was treated accordingly. 
Because of an exacerbation of this illness he was admitted to the Deaconess 
Hospital for observation. While there he complained of diminution in vision, 
suboccipital headaches and unsteadiness in gait which had been present for the 
preceding two months. The ophthalmological examination showed a bilateral 
choking of the optic discs and the patient was transferred to this hospital. 

The admission examination showed a papilledema of 1.5 diopters on the 
right and 2.5 diopters on the left. The visual fields were constricted to tubular 
vision in each eye. There was suboccipital tenderness and stiffness of the neck. 
Signs of a subtentorial lesion were found in the hypotonia of the upper extremi- 
ties and adiadokocinesia of the left side. The roentgen-ray examinations of the 
skull and chest were considered normal. 

Course of Illness: On the day after admission the previously demonstrated 
signs of a cerebellar lesion were less distinct and in view of the increasing papil- 
ledema and absence of localizing symptoms a right subtemporal decompression 
was made on March 12, 1929. This procedure gave but temporary relief and 
as the intracranial pressure increased ventriculography was made nine days 
later. From the deformity of the ventricles a right frontal tumor was suggested 
and a right osteoplastic intracranial exploration was made and a large vascular 
parasagittal meningioma was removed by Dr. Cushing. The operation was a 
long and difficult one as was the postoperative course. 

At present, June 26, 1929, the patient reports as perfectly normal and at work. 

The observations on the supravital preparations, tissue cultures 
and paraffin sections are given in the order in which they are rou- 
tinely made for the intracranial tumors removed in this clinic. 

Supravital Studies: Preparations of the fresh trnnor with neutral 
red dye solution were made immediately at operation. Examination 
showed a densely cellular tissue. The cells were connected one to 
another, forming narrow columns which were typical of the general 
architecture of the tumor (Fig. la). The cell bodies were oval or 
polyhedral with a delicately granular cytoplasm nicely defined, ex- 
cept in areas so crowded with cells that only the nuclei could be 
clearly distinguished. There was no evidence of cellular division. 
The nuclei were oval or round, containing fine chromatin particles 
and one or more nucleoli (Fig. i&). A few strands of collagen were 
present (Fig. id). 

Most conspicuous in the preparation were the extraordinary num- 
bers of clasmatocytes scattered among the tumor cells or arranged 
in clumps. During the period of observation they became packed 
with neutral red dye inclusions which varied from very fine granules 
to vacuoles huge in size (Fig. ic). 

Tissue Culture Studies: Numerous tissue culture preparations 
were made by the hanging-drop method. Tissue adjacent to that 



STUDY OF A MENINGIOMA 


66l 


used for supravital preparations was used. In each of thirty separ- 
ate cultures there was seen extension of cells from the explant into 
the culture media. The cells were all of the same type and grew out 
in a reticular pattern as do cells of mesodermal origin (Figs. 2 and 
3). In eight of the cultures the growth was profuse, the cells ex- 
tending to the periphery of the growing space in four days. 

The j&rst evidence of growth was seen five hours after the cultures 
were planted when single cells, with oval bodies and long processes 
connected to the explant, jutted out into the media. The cells grew 
out evenly and were always connected with each other by processes 
extending from one cell body to another. This gave a reticular 
pattern to the growth. No mitoses or direct cell divisions were seen. 
The cell bodies varied in shape and were usually oval or triangular. 
Changes in the shape of the cell bodies were seen only at the peri- 
phery of the growth. No motile cells and no cells resembling clasma- 
tocytes were seen among the growing cells although such cells were 
recognized in the explants. 

The phagocytic powers of the cells of the culture were tested 
by adding red blood corpuscles of the patient and of other patients, 
as well as carmine particles to the culture media. There was no evi- 
dence of phagocytosis among the cells although the materials re- 
mained in the culture media for four days in several preparations. 

The cidtures were fixed in i per cent formalin and in formalin 
ammonium bromide and stained successfully with hematoxylin 
and eosin and unsuccessfully by Cajal’s gold chloride sublimate 
method. 

Pathological Studies: The tumor weighed about 115 gm. The 
overlying dura and bone were roughened, thickened and involved 
by the encapsulated tumor which resembled other meningiomas 
seen in this clinic. 

Microscopic Studies: The paraffin sections were stained with eosin- 
methylene blue, phosphotungstic acid hematoxylin and by Per- 
drau’s method for connective tissue. The tumor is densely cellular, 
moderately vascular and sharply marked off from the small portions 
of compressed cerebral tissue attached to the specimen (Fig. 4). 
The cells are closely packed together and are often arranged in short 
or long strands or cords (Fig. 5). There is neither whorl formation, 
calcification nor evidence of degeneration in the material studied. 

The cells are similar and are oval or polyhedral with oval or 
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rounded nuclei and a moderate amount of cytoplasm. Each nucleus 
contains one or several nucleoli and occasionally mitoses are seen. 
The individual cells show no evidence of laying down specific sub- 
stances. The small amount of collagen present is usually near blood 
vessels. The stroma is scanty and phagocytic cells are not recog- 
nized. The cell type and arrangement are similar to those seen in 
sections of several recurrent and atypical meningiomas. 

To summarize, the cells of this tmnor as seen in supravital prepar- 
ations, in growing tissue cultures, and in paraffin sections appeared 
to be of the same type. Clasmatocytes were seen in the supravital 
preparations and in the explants, but were not recognized in the 
paraffin sections. 

It is our opinion that the cells which grew out in cultme in a reticu- 
lar pattern, typical of cells of mesodermal origin, were tmnor cells. 

Comment 

It is known that in the tissue culture of animal tumors, either sar- 
coma or carcinoma, different types of cells grow out. Certain of 
these cells were recognized by Lambert and Hanes ® as stroma cells 
which were distinct from the tumor cells in their pattern of growth. 
They also found that the stroma cells were actively phagocytic and 
ingested carmine particles. 

Lewis and Gey ^ described as clasmatocytes the cells called stroma 
cells by Lambert and Hanes, and found that they were present both 
in the supravital preparations and the tissue cultures of mouse sar- 
coma. 

That there has been some question as to whether scavengers, 
macrophages or clasmatocytes so frequently found in animal tumors 
are malignant cells or not is evidenced by the work of Fell and An- 
drews.® From their studies made by the hanging-drop method, these 
investigators were imable to tell which of the two cell types found 
in cultures of Jensen’s rat sarcoma was the malignant cell. 

Carrell and Ebeling ® answered this problem, for by their most 
refined tissue culture methods they were able to isolate the fibro- 
blastic and the macrophage cells and to prove that the former cell 
was the real tumor cell of the Jensen’s rat sarcoma. They also found 
that pure cultures of animal tumor cells may be grown in vitro but 
in vivo the tumor cells need the macrophages or clasmatocytes for 
their growth. Furthermore they showed that in tissue cultures pure 
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cultures of animal tumor cells attracted clasmatocytes. Finally it 
was their opinion that clasmatocytes stimulated the proliferation of 
fibroblasts and tumor cells in tissue culture, probably playing a role 
in the nutrition of growing cells by aiding in the furnishing of food 
to these cells. 

In the many immediate supravital preparations made from por- 
tions of intracranial tumors removed by Dr. Cushing, clasmatocytes 
were commonly observed especially in the smears from the rapidly 
growing gliomas and meningiomas. The clasmatocytes may be con- 
sidered as a normal constituent of these tumors in vivo, as they are 
so considered in certain animal tumors. 

In the reports of his investigations of the tissue cultures of intra- 
cranial tumors removed in this clinic, Kredel ^ stated that in six of 
nine meningiomas there were outgrowths of cells which seemed to be 
of the mononuclear macrophage series which were proved to be ac- 
tively phagocytic and most probably clasmatocytes. He further 
stated that the cells growing out from the explants of meningiomas 
did not grow in the reticular pattern as do fibroblasts nor did they 
behave as do fibroblasts in the presence of arsenious trioxide. 

Tissue cultures have been made of twenty-two meningiomas pre- 
senting a histological structure similar to that of the other meningi- 
omas cultured. In twenty-one of these tumors there was an abund- 
ance of collagen, psammoma bodies and cellular whorls; certainly 
not the t3TDe of a tumor from which a growth of tumor cells in tissue 
culture could be expected. In but one instance, that of the case 
herein reported, has there been an outgrowth of cells which could be 
considered as tumor cells, although cells regarded as clasmatocytes 
were observed. 

As stated, the tumor of the case presented was considered to be a 
meningioma from its gross appearance and from the histological 
study of both the paraffin sections and the supravital preparations. 
In the tissue cultures there was an abundant growth of similar cells 
always in the form of a reticular pattern. These cells resembled the 
cells of the tumor as seen in the supravital preparations. They were 
found not to have phagocytic properties. They were considered to 
be the tumor cells of the meningioma, and of mesodermal origin as 
their pattern of growth was like that of cells of mesodermal origin. 
They did not resemble cells which are fibroblastic in origin, for no 
substances were seen to be laid down by the cells. 
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SUMMAKY AND CONCLUSIONS 

1. The tumor cells of a meningioma were found to be similar in 
type and arrangement in supravital preparations, tissue cultures and 
paraffin sections. 

2. Two types of cells were recognized in the supravital prepara- 
tions, one the tumor cell and the other a macrophage or clasmato- 
cyte. The latter type of cell seems to be essential for the continued 
growth of animal tiunor cells in vitro and probably in vivo. 

3. In tissue cultures the tumor cells of the meningioma grew in a 
reticular pattern as do cells of mesodermal origin and were not found 
to have phagocytic powers. It would seem that the phagocytic cells 
seen in meningiomas are clasmatocytes and not tumor cells. 
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DESCRIPTION OF PLATES 
Plate 116 

Fig. I. Drawing from original sketch from supravital preparation show- 
ing: (a) a typical column of tumor cells; (b) the vesicular nuclei; (c) clas- 
matocytes filled with neutral red dye inclusions; (d) strands of collagen. 
Fig. 2. Showing the reticular outgrowth of cells from the explant (A) t3q)ical 
of mesodermal tissue and the grouping of some cells in small cords as 
seen in all of the cultures. The fixation in Zenker’s fluid and the subse- 
quent staining in hematoxylin and eosin have necessarily altered the cells. 
X 300 - 

Fig. 3. Showing an area of Fig. 4 under higher magnification to illustrate the 
reticular pattern of growth and the grouping and coimections of cells. 
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Plate ii6 





Plate 117 


Fig. 4. SecLion taken from the edge of the meningioma to show the sharp de- 
marcation between tumor and compressed but uninvaded brain tissue. 
Hemato.xylin and eosin. x 150. 

Fig. 5. Showing the tendency of the cells to grow in narrow cords. Flemato.xy- 
lin and eosin. x 600. 
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